Introduction
Dementia is an increasingly important public health concern.
1 It is estimated that by 2050 the number of people with dementia will reach 131.5 million worldwide. 1 Apart from deficits in cognition and behaviour, 2 deficits in balance, gait, and movement coordination are also found in people with mild dementia and mild cognitive impairment. 3, 4 People with dementia are less likely to participate in regular physical exercise when compared with their counterparts with normal cognition. 5 Physical inactivity may give rise to further decline in physical functioning. 6 These factors may partially explain the higher risk of falls and hip fractures in people with dementia compared with their peers without dementia. 7, 8 Exercise training improves cognitive 9 and physical [10] [11] [12] functions in healthy older adults and is feasible for people with cognitive impairment. 13, 14 Previous reviews have attempted to examine the effects of exercise on physical function in individuals with dementia, but the heterogeneous participant groups and different outcome measures that were used made conducting and interpreting meta-analyses difficult. [13] [14] [15] [16] [17] [18] [19] [20] [21] Meta-analyses were conducted in seven reviews to quantify the amount of improvement gained after exercise training. [14] [15] [16] 20, [22] [23] [24] However, non-randomised trials were included in some reviews, which compromised the quality of evidence. 16, 23 Other reviews focused on one type of exercise training, one patient subgroup, 14, 24 or few domains of physical function. 15, 20, 22, 23 None of the existing systematic reviews conducted sensitivity analysis to specifically examine the effect of subject characteristics (eg, cognitive impairment level) on training efficacy -probably due to the small number of trials included in the reviews. Thus, the existing reviews have not provided a comprehensive understanding of the effect of physical exercise on physical function in people with cognitive impairment. Moreover, a good number of new exercise trials on people with mild cognitive impairment or dementia have been Outcome measures: Strength, flexibility, gait, balance, mobility, walking endurance, dual-task ability, activities of daily living, quality of life, and falls. Results: Forty-three clinical trials (n = 3988) were included. According to the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) system, the meta-analyses revealed strong evidence in support of using supervised exercise training to improve the results of 30-second sit-to-stand test (MD 2.1 repetitions, 95% CI 0.3 to 3.9), step length (MD 5 cm, 95% CI 2 to 8), Berg Balance Scale (MD 3.6 points, 95% CI 0.3 to 7.0), functional reach (3.9 cm, 95% CI 2.2 to 5.5), Timed Up and Go test (-1 second, 95% CI -2 to 0), walking speed (0.13 m/s, 95% CI 0.03 to 0.24), and 6-minute walk test (50 m, 95% CI 18 to 81) in individuals with mild cognitive impairment or dementia. Weak evidence supported the use of exercise in improving flexibility and Barthel Index performance. Weak evidence suggested that non-specific exercise did not improve dual-tasking ability or activity level. Strong evidence indicated that exercise did not improve quality of life in this population. The effect of exercise on falls remained inconclusive. Poorer physical function was a determinant of better response to exercise training, but cognitive performance did not have an impact. Conclusion: People with various levels of cognitive impairment can benefit from supervised multi-modal exercise for about 60 minutes a day, 2 to 3 days a week to improve physical function.
[Lam FMH , Huang MZ, Liao LR, Chung RCK, Kwok TCY, Pang MYC (2018) Physical exercise improvespublished in the last few years, and it is thus timely to conduct a systematic review on this topic to address the knowledge gaps identified above.
Therefore, the research questions for this systematic review were:
1. Does physical exercise training improve physical function and quality of life in people with cognitive impairment and dementia? 2. Which training protocols improve physical function and quality of life? 3. How do cognitive impairment and other patient characteristics influence the outcomes of exercise training?
Method
Identification and selection of trials MEDLINE, CINAHL, PubMed, PsycINFO, and The Cochrane Library Databases of Systematic Reviews were searched electronically with search terms related to cognitive impairment, dementia, exercise, rehabilitation, and randomised trial. An example of the search strategy for one database is provided in Appendix 1 on the eAddenda. Two independent researchers screened the search results for publications about the effect of physical exercise in people with mild cognitive impairment or dementia. Potentially eligible trials were selected for further assessment of eligibility. Relevant reviews and the reference lists of all selected articles were then examined to look for potentially eligible articles. Finally, a forward search was performed on all articles selected in the above process using the Science Citation Index. The last search was performed in May 2016. The inclusion criteria for trials to be included in the review are presented in Box 1. However, trials were excluded if they were published only in conference proceedings or books. Disagreements about eligibility were resolved by the principal researcher.
Assessment of characteristics of trials

Quality
The PEDro score, obtained by searching the PEDro website (www.pedro.org.au), was used to assess the methodological quality of each selected trial. For trials that were not originally listed on the PEDro website, the PEDro team was contacted via email to request them to examine these trials and provide the PEDro scores. Hence, the PEDro scores of all trials included in this review were based on the information obtained from the PEDro website, where studies are rated in duplicate by trained raters.
Participants
To describe the participants in each trial, the following information was extracted from the published report: sample size, mean age, gender ratio, location of participants (community, institution), diagnosis, and cognitive impairment test scores (eg, Mini Mental State Examination).
Intervention
The details extracted from each included study about the exercise intervention were: frequency, intensity, duration and type of physical exercise.
Outcome measures
Outcome data were extracted from each included study if they pertained to any domain of physical function or quality of life.
Corresponding authors were contacted via email in case information needed for the meta-analysis could not be acquired from the original articles. When there were discrepancies between the two researchers responsible for data extraction, the information extracted was confirmed by the principal investigator.
Data analysis
Meta-analysis was performed for a given outcome only if at least three similar trials used the same outcome measure. Metaanalyses were conducted using RevMan software.
a Random-effect models were used in all meta-analyses, given the large variation in study design across trials (eg, participants' characteristics, exercise protocols). 25 The existence of publication bias was examined using Egger's regression asymmetry test using Comprehensive Meta-analysis software.
b A p-value of <0.1 (two-tailed test) Risk of bias for outcomes where meta-analysis was possible, fewer than half of the trials included in the primary analysis had a PEDro score of 6 for outcomes where meta-analysis was not possible, fewer than half of the trials included for outcome evaluation had a PEDro score of 6
Inconsistency for outcomes where meta-analysis was possible, I 2 50% in the primary meta-analysis and the meta-analysis that involved only trials with high methodological quality for outcomes where meta-analysis was not possible, mixed results were reported Indirectness the participants, intervention, comparator intervention, outcome measure or study design did not match between the included studies and the eligibility criteria for this review Imprecision insufficient studies for meta-analysis the number of subjects included in the primary metaanalysis was less than that required by a conventional sample size calculation for a single trial the 95% CI spanned zero Publication bias p < 0.1 on the two-tailed Egger's regression asymmetry test indicated the presence of publication bias. The mean difference provided a summary measure of the effect of exercise. Sensitivity analyses were conducted based on different patient subgroups, outcome mono-dimensionality, and methodological quality, if three or more trials remained eligible for the additional analyses. The level of evidence for each outcome measure was then calculated according to the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) system. 26 The rating for each level of evidence started with 'high quality', as only randomised, controlled trials were included in this review. It was downgraded by one level for each of the criteria shown in Box 2. The quality of evidence was downgraded by two levels if less than half of the trials included in the primary meta-analysis had a PEDro score of 4. For outcomes for which meta-analysis was not possible, the same criteria were adopted with reference to the total number of trials reviewed for that particular outcome. Evidence quality was upgraded by one level if the effect size was large. After considering the balance of desirable and undesirable aspects of the available evidence, a strong or weak recommendation would be given according to existing evidence. 26 
Results
Flow of trials through the review
The database searches identified 6935 records. After screening titles and abstracts, 144 potentially relevant articles were obtained in full text and evaluated for eligibility. The 38 articles that were eligible for the review were supplemented by 16 more identified through the reference lists searches. Therefore, 54 articles were included in the review. These reported on 43 trials involving a total of 3988 subjects ( Figure 1 ). Three papers were excluded from some of the meta-analyses, as the required information was missing despite efforts to contact the original authors.
36,48,58
Characteristics of included trials
The methodological quality of the included studies is summarised in Table 1 . A more detailed version of this table is available in Appendix 2 on the eAddenda. The characteristics of their study populations are summarised in Table 2 . The physical exercise protocols assessed in the included studies are summarised in Table 3 . More details about the study populations, the intervention protocols, and the outcome measures are available in Appendix 3 on the eAddenda.
Quality
The quality of evidence assessed according to the GRADE is provided in Table 4 . The results were organised according to the three levels of functioning described in the International Classification of Functioning, Disability, and Health (ICF), namely: body functions and structures, activities, and participation. 81 Outcomes that were reported by less than three trials are listed in Appendix 4 on the eAddenda.
Effect of exercise on body functions and structures
Body mass index (moderate-quality evidence)
Body mass index (BMI) was assessed in three trials (173 participants). 30, 35, 50 Multimodal exercise 30, 50 or specific aerobic trainRecords identified through electronic database search (n = 9635)
Records screened by title and abstract (n = 3113)
Duplicates removed (n = 6522)
Records excluded after screening titles and abstracts (n = 2969)
Eligible articles identified (n = 38)
Eligible articles included in review (n = 54) Eligible articles included in review (n = 43)
Forward citation tracking Eligible papers identified (n = 16) Eligible papers identified (n = 11)
Articles excluded after evaluation of full text (n = 106) the effect of physical exercise could not be isolated (n = 38) not a randomised trial (n = 30) participants did not have cognitive impairment (n = 15) not a journal article (n = 8)
no target outcome measures were assessed (n = 15)
Eligible articles identified (n = 32)
Potentially relevant articles retrieved for evaluation of full text (n = 144) Figure 1 . Flow of studies through the review.
Table 1
Methodological quality of the included trials (n = 43).
PEDro total score Trials n (%) References excellent (9 to 10) 0 (0) good (6 to 8) 30 (70) poor (0 to 3) 2 (5) 43,58
Percentages do not sum to 100, due to the effects of rounding.
ing 35 (45 to 90 minutes per session, 2 to 7 sessions per week for 4 to 12 months) were compared to usual care, 50 health promotion, 30 or low-intensity stretching and balance exercise. 35 All three trials reported no significant change in BMI after physical exercise relative to the control intervention.
30,35,50
Strength (moderate-quality evidence)
Meta-analysis of four trials (278 participants) showed a significant effect of exercise on improving 30-second sit-to-stand performance by 2.1 repetitions (95% CI 0.3 to 3.9).
48,49,71,77 See Figure 2 , or for a more detailed forest plot see Figure 3 on the eAddenda. The result remained significant in sensitivity analyses that included only those trials that involved participants in institutionalised settings (three trials, 258 participants). The heterogeneity across trials was high in both the primary and sensitivity analysis, with I 2 values of 82% and 88%, respectively. Together with four other trials that assessed other types of sit-tostand performance (eg, five times sit-to-stand test), 41 ,50,52,55 all trials that reported significant training effects adopted multimodal training with a resistance exercise component (30 to 120 minutes per session, 2 to 4 sessions per week, for 9 weeks to 4 months). 41, 49, 50, 71 The intensity of the resistance training was not specified. The training effect appeared to diminish starting at 9 weeks and 3 months after training.
42,71
Upper limb strength was reported in four trials. [39] [40] [41] [42] 49 Three of these trials assessed handgrip strength and one used the arm-curl test. The one trial that incorporated resistance training reported results in favour of the exercise group. 49 The other three trials, which all lacked specific upper limb resistance training, reported no significant effects.
39-42
Flexibility (very-low-quality evidence)
Flexibility was assessed in three trials. 49, 58, 62 All trials incorporated multimodal exercise with a flexibility training component (2 to 3 sessions per week, 16 weeks to 12 months), and reported significant improvements in the intervention group. Of these, two reported that the improvements in the intervention group were significantly greater than no-intervention controls Table 3 Characteristics of the physical exercise protocols used in the included trials (n = 43).
Characteristic
Trials n (%) Percentages may not sum to 100, due to the effects of rounding. ADL = activities of daily living. a n = 47. Four of the trials had two exercise groups in addition to the control group: Nagamatsu 36 had aerobic and strengthening groups; Roach 70 had walking and multimodal groups; Tappen 65 had walking and dual-task walking groups; and Bosser 71 had aerobic and multimodal groups. b n = 44. Apart from the control group, Christofoletti 54 had two exercise groups, which had different numbers of exercise sessions per week: 3 and 5. c n = 45. Two trials used interim evaluation: in the 12-month trial by Uemura, 30 a 6-month interim evaluation was reported by Doi, 28 Makizako 40 and Suzuki. 31 Similarly, in the 12-month trial by Lam, 32 a 6-month interim evaluation was also reported.
33 Table 2 Characteristics of the participants in the included trials (n = 43). hospital respite care 1 (2) as assessed by the chair sit-and-reach test 49, 58 and back scratch test.
49 Between-group analysis was not conducted in one of these trials.
62
Step length (high-quality evidence)
Meta-analysis of five trials (296 participants) revealed a significant effect of exercise on improving step length by 5 cm (95% CI 2 to 8).
28,41,56,64 See Figure 4 , or for a more detailed forest plot see Figure 5 on the eAddenda. The heterogeneity across trials was low (I 2 = 29%). Sensitivity analyses that included only trials with high methodological quality (four trials, 265 participants), or individuals with mild cognitive impairment and mild-grade dementia (three trials, 183 participants) remained significant and the I 2 was reduced to 0%. Those trials that reported positive outcomes adopted multimodal exercise with walking, aerobic training, or functional training components, or specific aerobic training (60 to 120 minutes per session, 2 to 3 sessions per week for 15 weeks to 6 months). 28, 41, 56, 64 One of the three trials performed long-term follow-up assessments and reported that the improvement was diminished and returned to baseline values 9 months after the intervention.
41,42
Effect of exercise on activity
Balance (high-quality evidence)
The primary analysis of the effect of exercise on the Berg Balance Scale (six trials, 722 participants) revealed that exercise significantly improved scores by 3.6 points (95% CI 0.3 to 7.0).
33,45,54,59,77,78 See Figure 6 , or for a more detailed forest plot see Figure 7 on the eAddenda. Publication bias was noted for this meta-analysis. A sensitivity analysis that included only trials with high methodological quality (four trials, 673 participants) markedly reduced the heterogeneity across trials, with I 2 value dropping from 91 to 17%. There was no publication bias in this analysis but the mean improvement found was reduced to 1.5 points (95% CI 0.1 to 3.0). Another sensitivity analysis that included only studies involving participants with moderate-grade dementia and living in institutions (four trials, 376 participants) also yielded significant results in favour of the exercise group, but the I 2 value was high (80%).
The primary analysis of the effect of exercise on the functional reach test (six trials, 242 participants) showed that exercise significantly improved the reaching distance by 3.9 cm (95% CI 2.2 to 5.5).
45,48,50,52,55,79 See Figure 8 , or for a more detailed forest plot see Figure 9 on the eAddenda. Similar results were obtained in sensitivity analyses that included only those trials with: high methodological quality (four trials, 199 participants), participants with mild cognitive impairment and mild-grade dementia participants (five trials, 219 participants), or community settings (five trials, 197 participants). The heterogeneity across trials in all analyses was minimal with I 2 ranging from 0 to 1%. Together with other trials that used clinical balance assessment scales as outcomes (eg, Tinetti balance assessments), it was found that various types of exercise interventions were effective in improving balance, including multimodal exercise, Tai Chi, resistance and functional training, and walking (20 to 120 minutes per session, at least 2 sessions per week, for a total of 9 weeks to 12 months). 32 Mobility (moderate-quality evidence) Meta-analysis (11 trials, 606 participants) showed that exercise significantly reduced the time required to complete the Timed Up and Go (TUG) test by 1 second (95% CI -2 to 0). 41, 47, [50] [51] [52] [53] [54] [55] 71, 75, 79 See Figure 10 , or for a more detailed forest plot see Figure 11 on the eAddenda. Upon examination of trials that reported significant benefits, 39,41,48-50,58,75,79 most adopted multimodal exercises 41,49,50,58 (15 to 120 minutes per day, at least 2 days/week for a minimum of 12 weeks). The result became marginally significant when only high methodological quality trials (nine trials, 553 participants) were included (p = 0.08). The improvement found was also reduced to -1 seconds (95% CI -1 to 0). The group with moderate-grade dementia (four trials, 249 participants) had a tendency to benefit more from training with a marginally significant improvement of -2 seconds (95% CI -5 to 0) compared with individuals with mild cognitive impairment and mild-grade dementia (seven trials, 357 participants) (-1 second, 95% CI -1 to 0). Overall, it was found that aerobic exercise alone (three trials, 236 participants) did not significantly improve TUG performance (p = 0.35). The heterogeneity across trials was low, with I 2 ranging from 0 to 32%.
Meta-analysis (seven trials, 568 participants) revealed that exercise improved walking speed by 0.13 m/s (95% CI 0.03 to 0.24).
28,41,52,56,66,71,77 See Figure 12 , or for a more detailed forest plot see Figure 13 on the eAddenda. Sensitivity analysis that included only trials with high methodological quality (six trials, 537 participants) yielded a significant but slightly smaller improvement of 0.08 m/s (95% CI 0.01 to 0.15). Improvement in walking speed among individuals with mild cognitive impairment and mild-grade dementia (three trials, 183 participants) was not significant (p = 0.19), whereas that in those with moderateto-severe-grade dementia (four trials, 385 participants) was marginally significant (mean difference 0.14 m/s, 95% CI -0.01 to 0.29). It should be noted that the trials were highly heterogeneous in all analyses (I 2 74%). The trials that reported significant training effects all adopted multimodal training, with a balance, walking, or functional training component (45 to 90 minutes per day, 2 to 3 days per week for a minimum of 15 weeks). 28, 40, 41, 56, 58, 64 Walking endurance (moderate-quality evidence)
Meta-analysis (seven trials, 402 participants) revealed that exercise significantly increased the distance covered in the 6-minute walk test by 50 m (95% CI 18 to 81). 30, 45, 61, 62, 65, 70, 71 See Figure 14 , or for a more detailed forest plot see Figure 15 on the eAddenda. Publication bias was noted for this meta-analysis. The results were similar and remained significant in sensitivity analyses that included only trials with: high methodological quality (five trials, 318 participants), participants with moderateto-severe-grade dementia (five trials, 229 participants), community settings (three trials, 203 participants), or aerobic and walking exercises only (five trials, 283 participants). The effect of exercise on the 6-minute walk distance among patients in an institutionalised setting (four trials, 199 participants) did not reach statistical significance (p = 0.10). It was found that aerobic exercise (three trials, 187 participants) led to the largest improvement in 6-minute-walk distance of 75 m (95% CI 25 to 125). The heterogeneity across trials was high in all analyses (I 2 56%). Trials that reported positive findings adopted either specific aerobic training, 35,36,38,45,61 walking exercise, 65 or multimodal exercise, 30,49,62,71 with a training duration ranging from 30 to 90 minutes/session, 2 to 4 sessions/week, for a total of 9 weeks to 12 months. Reported effective training intensity was 30 to 60% VO 2max , 62 or 40% of heart rate reserve that gradually progressed to 85%.
30,35,36
Dual-task ability (low-quality evidence)
Five trials examined the effect of exercise on dual-task ability.
39,40,48,52,63 A dual-task training component was incorporated into the overall exercise program in two trials. 40, 63 Only one Figure 4 . Weighted mean difference (95% CI) in step length (m) due to exercise, pooling data from five studies (296 participants). MCI = mild cognitive impairment. Figure 6 . Weighted mean difference (95% CI) in Berg Balance Scale performance (0 to 56) due to exercise, pooling data from six studies (722 participants).
Researchof these trials reported results that favoured the training group.
63
Significantly greater improvements in dual-task gait speed, cadence, stride length, and single support duration were reported in the dual-task training group when compared with non-specific low-intensity exercise. No significant results were found in the other four trials. did not result in higher activity level than controls, 27,39,46,52 except for one of the outcome variables (ie, total steps per week) reported by Lautenschlager and colleagues. 27 One trial reported a significantly greater improvement in the exercise group immediately after training, but the effect was not maintained at 3 or 9 months.
41,42
Quality of life (moderate-quality evidence)
Eight trials measured quality of life. 27,37,39,45,46,52,53,76 All six trials that used multimodal exercise as the experimental intervention (at least two 40 to 60 minute sessions/week for 12 weeks to 6 months) reported no significant results. 27, 45, 46, 52, 53, 76 In the other two trials, 37,39 a walking program was adopted; one of these trials reported improvement in satisfaction in daily life. 39 While the trial that reported no significant improvement adopted moderateintensity walking exercise (60 minutes/day, 2 days/week, 1 year), 37 the trial that reported significant improvement in quality of life administered a 90-minute walking program once a week for 3 months. In the latter program, the participants were also encouraged to walk daily and organise walking events with other group members.
39
Falls (low-quality evidence)
Four trials examined the effect of exercise on falls. Figure 18 , or for a more detailed forest plot see Figure 19 on the eAddenda. The heterogeneity across trials was low in this analysis (I 2 = 26%). For other fall-related outcomes, three trials reported that the exercise group did not differ from the controls in cumulative falls, fall rate, fall risk score and time to first fall. 42 52 One trial reported that one of the participants fell ill one day after an exercise session and later passed away with a diagnosis of circulatory failure and general atherosclerosis.
78
Discussion
This systematic review summarised the evidence on the effects of exercise on physical functioning and quality of life in individuals with mild cognitive impairment and dementia. The large number of trials involved in this review made sensitivity analyses possible, which was missing in previous reviews. [13] [14] [15] [16] [17] [18] 22, [82] [83] [84] Sensitivity analysis allowed the effects of exercise on patient subgroups to be determined, and the potential factors that may affect training outcomes to be identified.
Overall, very few adverse events were reported with exercise. Hence, according to the quality and direction of the evidence, there was strong evidence to support the use of exercise in improving strength, step length, balance, TUG, walking speed, and endurance in people with mild cognitive impairment, or mild-to-moderategrade dementia. On the other hand, the evidence for supporting the use of exercise in improving flexibility and ADL was weak. There was weak evidence against the use of non-specific exercise in improving BMI, dual-tasking ability and activity level, and strong evidence against the use of non-specific exercise in improving quality of life. The review provided no recommendations on the effect of exercise on falls, as most trials collected fall data during the intervention period. 51, 52, 60 This data collection method is prone to inaccuracy, as the effect of exercise may not appear in the initial periods of intervention. The meta-analysis also may not have had sufficient power to detect a significant between-group difference in fall rate, given the limited sample size. The results of this review can be generalised to people with mild cognitive impairment or mild-to-moderate-grade dementia.
Specificity of training appears to be an important factor in obtaining beneficial effects on impairment-level outcomes (eg, strength, flexibility) and certain activity-level outcomes (ie, walking endurance). For example, among all trials that reported favourable results on lower limb strength and walking endurance, 100% and 71% included specific training for the respective outcomes. Indeed, the sensitivity analysis showed that specific aerobic training led to the greatest improvement in the 6-minute walk distance. On the other hand, for lower limb strength, two 48 and dance and movement therapy. 44 This could be because ADL ability can be influenced by many impairment variables.
Based on the overall evidence, it can be deduced that regular multimodal exercise with a combination of resistance, aerobic, balance, flexibility and functional training for around 60 minutes a day, 2 to 3 days a week is effective in improving various aspects of physical functioning (lower limb strength, mobility, balance, walking endurance). Considering that specific training is more important for impairment level outcomes, a comprehensive assessment of physical functioning is required to determine the specific areas of deficit, so that the appropriate type of exercise (flexibility, aerobic, resistance) can be incorporated into the overall program to address the impairments identified. The training program duration varied (ie, 8 weeks to 15 months), but the overall evidence indicated that positive training effects on physical function can be obtained in 9 to 16 weeks. Based on the few trials that included follow-up assessment, the improvements in strength, step length and balance diminished from 9 weeks to 9 months after the intervention. Continuous exercise programs may be required to maintain the treatment effect.
With respect to the frequency, intensity and duration of training, no clear differences in these parameters were identified between the trials that yielded larger effect sizes and those with smaller effect sizes for all outcomes, except lower limb strength and walking endurance. For strength, one trial suggested that 30 minutes of specific strength training of 12 repetition-maximum could lead to significant strength improvement. 71 However, among the trials that incorporated multimodal exercise, those that reported no significant results tended to use a shorter total training duration per session (non-significant: 30 to 60 minutes; 48, 55, 76, 77 significant: 75 to 120 minutes). 41, 42, 49 This suggests that the strength training component cannot be too short in a multimodal training program if benefits on muscle strength are desired. For walking endurance, trials that reported negative findings also tended to adopt a shorter training duration per session (10 to 30 minutes). 67,69,70 A longer exercise duration in each session (30 minutes of aerobic training) is required to induce a positive training effect.
With a large number of trials included in our review, it was possible to conduct sensitivity analyses for people with different levels of cognitive impairment. Indeed, sensitivity analyses that involved only people with mild cognitive impairment or mildgrade dementia did not show superior benefits of exercise in improving step length and functional reach when compared with the primary analysis. On the contrary, when compared with the primary analyses, the moderate dementia group tended to have a slightly better improvement in BBS and the moderate-to-severe dementia group had a better improvement in 6-minute walk distance. When compared with the mild cognitive impairment and mild-grade dementia group, the moderate dementia group also showed more improvement in TUG, while the moderate-to-severe dementia group showed slightly more improvement in walking speed. It should be noted that the response in the moderate-tosevere-grade dementia subgroup also tended to be more heterogeneous (eg, TUG, walking speed, 6-minute walk test). This finding challenges the previous finding that better cognitive ability is associated with greater improvement in TUG performance within a group of patients with mild cognitive impairment. 86 However, it should be noted that this comparison involved a much greater between-group difference in baseline cognitive ability (ie, mild cognitive impairment and mild-grade dementia versus moderate-to-severe-grade dementia) rather than comparing individuals within the same diagnostic category (eg, within mild cognitive impairment only). As the cognitive decline was found to be associated with poorer physical function, the group with more advanced cognitive impairment may indeed have a larger potential for improvement in physical function with exercise training. For example, a previous trial revealed that the effect of exercise on fall reduction is more potent in people with advanced dementia due to their inherent high fall rate.
73
Taken together, these results suggest that people with moderate-grade cognitive impairment are still likely to respond positively to exercise training. The response to exercise training among people with severe-grade cognitive impairment remains largely uncertain, as only five trials 66-70 were conducted in this patient subgroup and only one was included in the meta-analysis of walking speed 66 and 6-minute walk test distance, 70 respectively. Participants' physical ability at baseline also appears to influence training outcome. For TUG, the sensitivity analysis involving those trials that included only community-dwelling individuals yielded non-significant results. This could be because community-dwelling participants tended to have better baseline mobility level (mean TUG: 10 to 18 seconds) and thus have less room for improvement, 50,52,53,55 when compared with most of the other trials included in the primary meta-analysis (mean TUG: 15 to 33 seconds).
41,47,51,54,71,75 Perttila et al 72 also suggested that while the worsening of ADL performance was attenuated in both the prefrail and frail subgroups of people with dementia upon exercise training, a significant effect was achieved at the sixth month of training for the advanced frailty group but only at the twelfth month for the prefrail group. The fall reduction effect was also greater in the advanced frailty group (incidence rate ratio: advanced frailty: 0.43; prefrail: 0.63). This suggested that cognitively impaired individuals who have deteriorated physical performance could potentially benefit more from exercise training.
Exercise attendance appeared to be generally acceptable across trials. Two trials reported an attendance rate <70%.
65,66
Upon examining the training protocols and the participants' characteristics, no obvious relationship could be found between the training protocols used and attendance rates. However, in the two trials that reported exceptionally low attendance, the cognitive ability of the participants was also the poorest (mean MMSE = 8.8 and 11.1, respectively).
65,66 However, two other trials that involved participants with relatively low cognitive ability (mean MMSE = 13) reported good attendance.
55,61 Therefore, no consistent trend could be identified regarding the relationship between cognitive ability and exercise attendance. Taken together, the difference in attendance rate could possibly be due to complex interaction of factors such as the exercise training protocol adopted, cognitive ability, level of physical functioning and involvement of the family/caregiver.
Unfortunately, other aspects of adherence (eg, intensity level, training duration) were seldom reported in the included trials. Therefore, the influence of patient or intervention-related factors on patients' adherence to the prescribed protocol could not be deduced. The influence of exercise adherence to treatment outcomes also remains uncertain.
It is recommended that exercise training be supervised by professional staff. For those with mild cognitive impairment or mild dementia, the training may be supervised by a properly trained caregiver.
46,50,52,61 Less than half of the trials included in this review included information regarding adverse effects. Only five out of 14 trials reported adverse effects that were related to exercise.
36,52,53,66,78 Most adverse events reported were mild and subsided quickly.
36,52 A higher hospitalisation rate in the exercise group was reported by Rolland et al 66 but it remains unclear if the between-group difference in hospitalisation rate was already present prior to commencement of the exercise intervention. The single death event reported by one trial was not directly related to exercise training. 78 In summary, no evidence suggests that exercise poses an substantial risk to individuals with mild cognitive impairment or dementia.
Research in people with severe dementia is scarce. The results of this review are therefore better generalised to people with mild cognitive impairment, and mild or moderate dementia. Details on the training protocol, such as the specific exercises performed, training intensity and progression rules, and the time devoted to different types of exercise in a multimodal program are crucial pieces of information, but were seldom reported. Delineating the factors that are important determinants of successful training outcomes is therefore difficult. Detailed information on adherence to exercise training (ie, degree of deviation between the actual exercise conducted by the participants and the prescribed exercise protocol) was also rarely reported in the included trials. Long-term follow-up trials were few and so the carry-over effects of exercise were not well evaluated.
This review had some limitations. We used the mean baseline cognitive outcome scores to classify the selected trials into different patient sub-groups. There may be potential inaccuracy with this approach, as heterogeneity of the sample within the same trial was not considered. Most trials used multimodal exercise as the experimental intervention, and so it was difficult to single out the effect of a particular exercise type. We did not perform any economic analysis and hence could not comment on the cost-effectiveness of the exercise programs studied. We did not separate the trials that tended to examine 'efficacy' (training performed in a highly controlled environment) from those that tended to examine 'effectiveness' (training performed under realworld conditions) on the continuum from efficacy to effectiveness. To assist readers in judging whether the findings of the present review apply to 'real-world' conditions in their respective contexts, other relevant information of the trials (key subject characteristics, attendance, adverse effects, and supervision level) was provided. Many trials did not contain adequate details necessary for meta-analysis. Meta-analysis could not be performed for several outcomes, due to the small number of trials. Publication bias was present in a small number of analyses. A definite conclusion could not be made on the effect of exercise in severe-grade dementia because there is less research in this subgroup of the dementia population. This may also be due to the way that the different dementia grades were classified (Table 2) . Finally, only trials reported in English were included in this review.
Despite the large number of trials that have been conducted, determinants of successful training outcomes are still unclear for many of the outcome measures. More effort could be put into identifying key factors (ie, training type, and parameters) that determine the favourable treatment outcomes. Good quality trials are needed to study the effects on exercise on falls and dual-tasking ability, which are important concerns in individuals with cognitive impairments. Mediators or strategies that are required to translate the improvement in body functions/structures-level outcomes into improvement in activity/participation-level outcomes should be identified. Long-term effects of exercise training also await further investigations. More economical ways of providing exercise training (eg, through educating the caregiver) should be further investigated. More research on people with severe dementia should be conducted.
In conclusion, this review demonstrated that physical exercise training is a feasible intervention for people with mild cognitive impairment and dementia, and that the benefits far outweigh the risks. Strong evidence was found to support the use of physical exercise in improving strength, step length, balance, mobility, and walking endurance. There was weak evidence supporting the use of exercise for improving flexibility and ADL, and against the use of non-specific exercise for improving dual-tasking ability and increasing activity levels. The evidence against the use of non-specific exercise alone for improving quality of life was strong. Taken together, supervised multimodal exercise for about 60 minutes a day and 2 to 3 days a week was beneficial in improving physical functioning in individuals with mild cognitive impairment or mild-to-moderate-grade dementia. The effect of exercise in severe-grade dementia was less certain, due to paucity of research.
What is already known on this topic: Exercise training improves cognitive and physical function in healthy older adults, and is feasible and beneficial for people with cognitive impairment. Patients with dementia are less likely to participate in regular physical exercise when compared with their counterparts with normal cognition. What this study adds: Strong evidence now indicates that exercise for people with mild cognitive impairment or mild to moderate dementia improves sit to stand, step length, balance, mobility and walking endurance. People across these levels of cognitive impairment are more likely to achieve these benefits with supervised multi-modal exercise for about 60 minutes a day, 2 to 3 days a week.
Footnotes:
a Review Manager 5. 
Abstract
Background: Research indicates that exercise can have a positive effect on both physical and mental health in nursing home patients with dementia, however the lasting effect is rarely studied. In a previously published article we investigated the immediate effect of a 12 weeks functional exercise program on physical function and mental health in nursing home residents with dementia. In this paper we studied the long-term effect of this exercise program. We explored the differences between the exercise and control group from baseline to 6 months follow-up and during the detraining period from month 3 to 6. Methods: A single blind, randomized controlled trial was conducted and a total of 170 nursing home residents with dementia were included. The participants were randomly allocated to an intervention (n = 87) or a control group (n = 83). The intervention consisted of intensive strengthening and balance exercises in small groups twice a week for 12 weeks. The control condition was leisure activities. Thirty participants were lost between baseline and six-month follow-up. Linear mixed model analyses for repeated measurements were used to investigate the effect of exercise after detraining period.
Results: The exercise group improved their scores on Berg Balance Scale from baseline to 6 months follow-up by 2.7 points in average. The control group deteriorated in the same period and the difference between groups was statistically significant (p = 0.031). The exercise group also scored better on NPI agitation sub-score after 6 months (p = 0.045).
Conclusion:
The results demonstrate long-time positive effects of a high intensity functional exercise program on balance and indicate a positive effect on agitation, after an intervention period of 12 weeks followed by a detraining period of 12 weeks. Identifier at ClinicalTrials.gov: NCT02262104
Keywords: Exercise, Dementia, Nursing home, Aged, Balance, Activities of daily living, Neuropsychiatric symptoms, Agitation
Background
The world population is rapidly aging and as a result, health and social care services will come under pressure to provide services for older people with dementia as well as persons with a wider range of other chronic diseases. Dementia is among the leading causes of disability and death in the elderly [1, 2] . There is no cure for dementia [3] and the on-going degeneration of brain tissue in older adults with neurodegenerative dementia disorders eventually leads to a loss of cognitive and physical functions [4, 5] . About 80 % of nursing home residents in Norway suffer from dementia [6] , and it is the most common main diagnosis in the nursing home population in Norway [7] . Individuals with dementia have higher levels of functional dependence than others and are therefore more likely to require assistance in activities of daily living (ADL) [8, 9] . In addition to impaired cognition, reduced ADL function and changed behaviour, dementia normally affects balance, mobility, and gait performance [10] [11] [12] [13] [14] [15] . Reduced balance increases the risk of falling, and falls and fractures are common among nursing home residents with dementia [10, 11, 16, 17] . People with dementia have a two-fold increased risk of falls compared with non-demented elderly [16] . Fear of falling itself is a risk factor for inactivity and can create a vicious circle [18] . Therefore, improvements in balance may potentially reduce the risk of falling and increase mobility through increased confidence.
As dementia progresses, cognitive and functional impairments are followed by neuropsychiatric symptoms (NPS) [19] . Studies show that more than 80 % of persons with dementia in nursing homes have at least one clinically significant NPS [20, 21] and behavioural symptoms are one of the main reasons for institutionalization [22] . The most prevalent symptoms in patients with dementia in nursing homes are agitation, apathy and affective symptoms [20, 21, 23] . These symptoms cause discomfort and reduced quality of life for people with dementia and they are predictors of fall for nursing home patients, causing considerable morbidity and mortality [24, 25] . NPS also give distress to family and carers .
The effect of exercise on mental health is well established in other groups, however in the population of nursing home residents with dementia, most studies focus on the impact of exercise on physical functioning and mobility, rather than neuropsychiatric symptoms and cognition. Therefore research on the effect of exercise on agitation in dementia is scarce. In a systematic review of non-pharmacological interventions for agitation in dementia from 2009, no exercise interventions were included due to low methodological quality [ Reviews have concluded that there is insufficient evidence for the effectiveness of physical activity on function, cognition, neuropsychiatric symptoms and depression in older people with dementia [36] [37] [38] [39] [40] . Difficulties with measurements and instructions and lack of compliance have led the majority of studies on physical exercise to exclude people with dementia. In a previous study we demonstrated the effect of high intensity functional exercises on balance, strength and apathy in nursing home residents with mild and moderate dementia, as measured after a 12 weeks program [41] . Muscle strength gains induced by resistance training programs are lost after short detraining period [42] [43] [44] [45] and there are reasons to believe that this will happen even more rapidly in nursing home residents due to the sedentary lifestyle [46] . The detraining effect on balance is less investigated, but it seems that the balance function as well declines abruptly after completion of an exercise program [47] [48] [49] . There are several reasons as to why it is important to investigate the detraining period. First of all, elderly people are more prone to interrupt exercise program due to ill health, and information about what happens to the exercise effects and when, is important to optimize quality of care. Research studies often have a rather short intervention period, e.g. 12 weeks and some have shown that the immediate effect of exercise can be different from the effect weeks later [50] . It has been suggested that different types of exercise, intensity and age may also influence detraining effects [43, 45, 51] and this needs to be investigated. From an economic point of view, it can be interesting to find out how little you can "get away" with.
As demonstrated above, randomized, controlled trials with physical exercise among nursing home residents with dementia are limited and knowledge about longterm effects are lacking. In a previously published article we investigated the immediate effect of a 12 weeks exercise program on physical function and mental health in nursing home residents with dementia [41] . An effect of exercise on balance, the primary outcome, was demonstrated. In this paper we would like to study the long-term effect of this exercise program. Is there still a significant difference in balance function between the two groups 3 months after exercise cessation? We aimed to investigate the change in physical function and mental health from baseline to 6 months follow-up and during the detraining period, in the two groups.
Methods
Design
Exercise and dementia -EXDEM -was a 12-week single blinded parallel multi centre randomized controlled trial, followed by a 12 weeks detraining period, conducted among nursing home residents with dementia. Participants in 18 different nursing homes were randomly allocated to two groups: physical exercise and control activity. We used a block randomization procedure with six to 12 participants from each nursing home. Due to great heterogeneity between the nursing homes regarding residents' demographics, care staff awareness concerning importance of physical activity and physical activity-opportunities, we considered it to be most appropriate to use block randomization.
Identifier at ClinicalTrial.gov: NCT02262104, registered November 2013.
Participants
The study took part in 18 nursing homes in Oslo city areas in Norway between May 2012 and September 2013. Each nursing home was given the opportunity to recruit up to 12 participants each, which gives a total of 216 possible participants. Inclusion criteria were: being above 55 years of age, having dementia of mild or moderate degree as measured by the Clinical Dementia Rating scale (CDR 1 or 2), being competent to consent to participation, being able to stand up alone or by the help of one person and being able to walk six meters with or without walking aid. Exclusion criteria: patients being medically unstable, psychotic or having severe communication problems.
In total, 182 persons (84 %) agreed to participate. Twelve persons (6.6 %) dropped out of the study before the first assessment and randomization was carried out: eight withdrew and four were excluded because the inclusion criteria were not met (See flowchart Fig. 1) . Thus, the study population consisted of 170 participants. A further 16 participants were lost to follow up at 12 weeks (3 died, 7 withdrew, 4 moved to another nursing home and 2 became seriously ill). At 24 weeks follow-up a further 14 were lost (3 died, 3 withdrew, 1 moved and 7 became seriously ill). See Flowchart, Fig. 1 . The participants who were lost to follow-up were excluded from the analysis.
Randomization
An independent trial secretary performed the randomization procedure. Following completion of the preintervention assessments the participants from each nursing home were randomly assigned to either intervention or control group by picking name from a container. The randomization codes were kept in sealed envelopes with consecutive numbering by the trial secretary and blinded to those who assessed the patients.
Physical exercise program
Three to six participants at each nursing home exercised twice a week for 12 weeks with physiotherapists (1 physiotherapist per 3 participants). The exercise program was the High Intensity Functional Exercises (HIFE) -program developed in Umeå, Sweden [52] . The exercise sessions lasted 50-60 min and consisted of: 5 min warm-up, at least two strengthening exercises for the muscles of lower limb and two balance exercises. All exercises were individually tailored, instructed and supervised. The intensity of strengthening exercises aimed to be 12 repetitions maximum (RM). The balance exercises intended to be "highly challenging". The physiotherapists kept detailed records of all exercise sessions and reported the type and number of exercises performed, the intensity (low, moderate or high) and any adverse occurrences. For more information about HIFE and the exercise sessions, see [52] Local physiotherapists (i.e. employed at the nursing home) were used wherever possible. Nine nursing homes (50 %) received help from one (n = 7) or two (n = 2) external physiotherapists to be able to participate in the study. In total, 27 physiotherapists were involved in the intervention program and all of them had attended a course to learn about the HIFE-program. The course lasted three hours and included practical exercises. The importance of targeting high intensity was emphasized. Adjustable weighted belts (0.5-12 k) were made available to all participating nursing homes. The project leader kept in touch with all physiotherapists during the intervention period through meetings (one obligatory), observation of exercise sessions (often in conjunction with the obligatory meeting), and by phone and email. This was done to optimize quality, high intensity and uniform execution in all nursing homes
The participants were not blinded after assignments to intervention.
Control program
The control participants met in groups twice a week for 50-60 min and the activities were led by occupational therapists (n = 11), nursing staff (n = 5), volunteers (n = 1) or activity-leader (n = 1). The control activities were light physical activity in sitting (mostly mobility exercises and stretches), reading, playing games, listening to music and making conversations.
Detraining
After the 12-week intervention (HIFE and control program) the participants received no further intervention or attention from any of the physical or occupational therapists. No specific advice about physical activity during the detraining period was given, except that there should be no difference between the participants of the two groups.
Assessments
After enrolment, but before randomization, all 170 participants were assessed. A member of the nursing staff, who knew the participant well and was in regular contact with him/ her, filled in the Case Record Form. Nursing staff members that were not familiar with the questionnaires were encouraged to contact the project leader with any questions. An occupational therapist or specially trained nurse performed the Mini-Mental State Examination (MMSE). Four physiotherapists from the research team without knowledge of group allocation (blinded) performed all physical tests. Information about the testers training can be found in a previous paper [41] . The assessment procedure was repeated after 12 weeks (intervention completion) and 6 months and was carried out December 2012 to September 2013.
Instruments
Physical function-tests
The primary outcome was balance measured by the Berg Balance Scale (BBS). The test assesses performance on a 5-level scale from 0 (cannot perform) to 4 (normal The physical tests used in this study were tested for inter-tester reliability in 33 of the participants. The tests were found to have high inter-tester reliability (ICC ≥ 0.97 on BBS, CST and NWS) [56] . To measure the patients' dependence in the ADL, we employed the Barthel Index (BI), a widely used measure of the activities of daily living [57, 58] . The BI consists of 10 activities focusing on the patient's level of dependence on aid. The scores range from 0 (completely dependent) to 20 (independent). Professional caregivers filled out the BI-questionnaire based on their observations of the participants.
Dementia, cognition and neuropsychiatric symptoms
The Clinical Dementia Rating Scale (CDR), and the Mini-Mental State Examination (MMSE) were used to measure cognition. We used the CDR to validate the dementia diagnosis of the patients. CDR is a six-point scale used to assess six domains of cognitive and functional performance applicable to Alzheimer's disease and related dementias [59] [60] [61] . Two Norwegian studies have shown that CDR staging is a valid substitute for a dementia assessment among nursing-home patients to rate dementia and dementia severity [60, 61] . The MMSE was used to assess global cognition and consists of 20 items concerning orientation, word registration and recall, attention, naming, reading, writing, following commands and figure copying. It can be scored between zero and 30, where a higher score indicates better performance [62] . The Neuropsychiatric Inventory questionnaire (NPI-Q) was used to assess the presence and severity of behavioural and neuropsychiatric symptoms common in dementia [63, 64] . The scale consists of 10 items. Each item represents a symptom and is rated as present or not (zero). If present, the severity is graded as mild (1) , moderate (2) or severe (3) . Thus the minimum score is 0 (no symptoms at all) and the maximum score is 30. We also used sub-scales of the NPI-Q in the analyses, based on a previous large principal component analysis conducted with data from Norwegian nursing home patients [23] . The subscales were: 1) agitation: consisting of the items agitation/ aggression, irritability, and disinhibition (range: 0-9) 2) affective: consisting of the items depression and anxiety (range 0-6), and 3) apathy: The symptom apathy was analysed on its own.
Depression and quality of life
Cornell Scale for Depression in Dementia [65] was used to assess depression in the participants. The scale contains 19 depressive symptoms and each item is rated on a scale from 'absent' , 'mild/ intermittent' to 'severe'. The minimum score is thus zero and maximum score is 38. According to a Norwegian nursing home study, a Cornell scale score of more than 7 points signifies depression [66] . "The quality of life in late-stage dementia scale", QUALID [67] a proxy-rated scale was used to measure the QoL. The informants were professional caregivers who knew the patient well and had spent at least three of the last seven days with the patient. The scale consists of 11 items with a possible score of one to five on each item, which gives a total possible score range from 11 to 55. A lower score indicates a higher quality of life.
Demographic factors: participant age, gender, previous and present medical history, and the length of stay in a nursing home (from date of admission at the current nursing home).
Ethics
The study was approved by the Regional Committee for Medical Ethics in south east of Norway September 2012. The nursing staff at the respective participating nursing home allocated eligible candidates, provided information about the study and gathered written consent. Primary caregiver provided written and verbal information about the study to the patients and their relatives. All the participants gave written consent to participate. Surrogate consent procedure was not used. The Regional Committee for Medical Ethics in south east of Norway approved this consent procedure.
Data analysis
A power calculation was made using the BBS results of a pilot study from a nursing home in Norway. An analysis with 80 % power, alpha of 0.05, and an average difference of 2.5 points (SD = 4.2) between the intervention group and the control group, indicated that we should include 70 participants in each group to account for some degree of lost to follow-up. We did a complete responder analysis: all the participants who dropped out during the intervention and follow-up period were excluded (see flow chart Fig. 1 ). We assessed variables at baseline to establish whether the randomization procedure was successful.
The long-term effects of the intervention and detraining on each outcome were assessed with a linear mixed model for repeated measurements. The statistical model contained a random intercept, the outcome variable at baseline as a covariate and the fixed factors effects group affiliation, time and the interaction between time and group affiliation. We used the robust estimation of the standard error. The adjusted means at time 1 (immediately after intervention completion) and time 2 (3 months after intervention completion) and the mean differences within and between groups were estimated from the statistical model using estimated linear combinations. All statistical analyses were performed with the IBM SPSS Statistics version 20 or STATA version 14.
Results
Demographic and baseline scores
The background characteristics and baseline results of the assessments of the participants are reported in Table 1 . The intervention and the control group were similar at baseline. The characteristics of the 16 participants who were not included in the ITT analyses were not significantly different from the final ITT population. The average age of the participants was 86.9 years (7.4) and almost three out of four were women. Thirty-one percent was able to walk independently without walking aid and less than 10 % used a wheel chair. The average score on Berg Balance Scale was 35 points points and two thirds scored less than 45 at baseline, which means they are at increased risk of falling [68] . Ninety-four percent of the participants walked slower than 0.8 m per second, which means an increased risk of frailty [69] . The men scored higher than the women at baseline on 30-s CST (6.8 rises vs. 5.8), however the difference was not statistically significant. See Table 1 Lasting effects within the exercise and control group Table 2 shows the adjusted means at time 1 (T1) and time 2 (T2) for both groups. When considering the within group changes in the EG, the results reveal a non-significant improvement in balance function by 2.7 points from baseline to 6 months follow-up. There was also an improvement in leg strength in the same period: The CST-score from baseline to 6 months assessment improved by 0.8 rises in average. The EG deteriorated on both BBS (1.5 points) and CRT (0.4 points) during the detraining period, however, these changes were also non-significant. When considering the mental health variables, the results in the EG demonstrate a non- significant improvement in NPI-Q-scores (including all its sub scores) from baseline to 6 months follow-up. There was a slight improvement during exercise cessation on the subscale of affective symptoms. The CG reduced their BBS score in both periods: On average they dropped 1.4 points from baseline to 6-months follow-up and 2.2 points (p = 0.022) after intervention cessation. The CG deteriorated on ADL-function measured by BI: From baseline to 6 months follow-up the score reduced by 1.3 points and after intervention cessation, 0.8 points. NPI sum score and all sub-scores deteriorated from baseline to 6 months follow-up and the CG also declined significantly on the Cornell Scale (p = 0.034).
Comparison of lasting effects between exercise and control group
From baseline to 6 months follow-up, the EG improved their BBS score while the CG declined and the difference between the groups was statistically significant (p = 0.031). While the CG remained unchanged on the CST during the 6 months period, the EG improved somewhat on CST, but the difference was not significant. After 6 months the EG scored significantly better than the CG on the NPI sub-score agitation (p = 0.045). The difference in NPI sum score was close to significant (p = 0.059).
Discussion
Long-term effect on physical function
This study demonstrates that a 12-week intensive functional exercise program had a long-term effect after three months of detraining on balance in a population of nursing home residents with dementia. Balance was the predetermined primary outcome. An effect of exercise on balance function was also found immediately after 12 weeks of exercise [41] . The change in BBS from baseline to 6 months follow-up was 2.7 points in the exercise group. To the authors knowledge, clinically meaningful change has not been determined for BBS, however minimal detectable change for dependent institutionalized elderly has been reported to be 7.7 points in a Swedish study [70] . This means that due to intra-person variability of balance function from one day to another, a change in BBS score should be at least 8 or higher in dependent nursing home residents to represent a true change. Even though the EG had a slight improvement in lower limb strength (CST) and the CG deteriorated during the 24 weeks, the difference in change between the groups was not significant and both groups declined during detraining [41] . The deterioration in strength after exercise cessation has been demonstrated in other studies [44, 71] . An RCT using the HIFE-programme in a population of 191 nursing home residents including 50 % patients with dementia demonstrated long-term effect on walking speed, balance (BBS) and lower limb strength (1RM) [50] . The exercise group improved on both balance and strength during the detraining period while the control group improved in balance and declined in strength [50] . In contrast to our study, the design of the study by Rosendahl et al., 2006 [50] , included continuous encouragement of the participants to do tasks to maintain physical function for another three months after the intervention period. This could explain their positive long-term effects. In our study, the withdrawal of intervention might have led to a disappointment for some of the EG-participants, they may have lost interest and become inactive which led to the decline in balance and strength after exercise cessation. It is however interesting to notice that, even though both EG and CG deteriorated on almost all variables during detraining period, the CG decline was of greater extent, indicating that even terminated exercise has some effect. Preservation of effect from functional exercises has also been demonstrated in community-dwelling elderly women [43] . DeVreede et al., 2005 [43] , found that the group who did functional exercises scored better than resistancetraining group and inactive control group on Assessment of Daily Activity Performance (ADAP) six months after training ended. The ADAP provides a total score and five physical domain scores: upper body strength, lower body strength, flexibility, endurance, and balance and coordination. It is likely that the effect is easier to maintain due to the functional nature of these exercises which means that they are repeated throughout the day even when not exercising.
Long-term effect on mental health
From baseline to 6 months assessment, the EG improved on the NPI sum score and all sub-scores while the CG deteriorated on these scores. The differences between groups were significant for the agitation sub-score. An effect of exercise on apathy was found at 12 weeks [41], but at 6 months there was no longer a statistically difference between groups. High quality RCTs are lacking, however smaller uncontrolled and observational studies suggest effect on agitation of walking in groups [72] and continuous program activities including physical exercise [73] . A pilot study with chair-exercises did not demonstrate any effect on agitation [74] , but this might be due to too low intensity. A review of effect of exercise on behavioural and psychological symptoms in dementia states that exercise appear to be beneficial in reducing depressed mood, agitation and wandering, however the review emphasizes that the methodological shortcomings of work in this area are substantial [36] .
The results from our study show that it is possible to influence on neuropsychiatric symptoms by other means than medication and this is important due to the overuse of antipsychotics to treat behavioural problems in persons with dementia [75, 76] . The modest effect of these drugs coupled with the increase in risk of adverse effects argues for a shift towards other treatment modalities [19, 77] . Encouragement and stimulation to be physically active is of great importance, and access to rehabilitation staff seems crucial to achieve improvements in function among nursing home residents [78] . Nursing home residents are a frail group that often has difficulty carrying out physical training on their own. In order to maintain positive results physical training should be an on-going activity.
Limitations of the study
There are limitations in the present study. First of all our inclusion criteria restrict our findings to nursing home residents with the ability to rise from a chair with the maximum help from one person and being able to walk for 6 m with or without walking aid. This means that the frailest residents have not been included, even though some of the participants used electrical wheel chairs and managed to move six meters only with great help from support walkers.
The recruitment through meetings and direct invitations may also introduce some bias in generalizations. Each nursing home was asked to recruit up to 12 participants. This may have led to recruitment of only the healthiest. However only three out of 18 nursing homes managed to recruit 12 participants, so it is unlikely that this strategy has influenced the characteristics of the population. It is difficult to ensure homogeneity of the intervention since a total of 27 physiotherapists were involved in the execution of the intervention and 18 professional caregivers carried out the control activity.
The amount of formal tests is high in this study and, since this could lead to alpha inflation, the secondary endpoints should be interpreted as descriptive statistics and not formal probabilities. One way to adjust for the high number of variables is to use the Bonferroni correction [79] . According to Bonferroni the modified p-value at 95 % confidence when testing 11 variables is 0.0045. At this significance level the results from the current study are not statistically significant, however there are strong indications of effect of exercise on neuropsychiatric symptoms that should be investigated further as a primary outcome.
The frequency of training sessions and the long period of intervention (12 weeks) strengthened the study, but it may be questioned whether three months of intervention is a sufficient time period for optimal benefit. We did not gather information about the habitual physical activity of our participants, thus we cannot control for whether the level of physical activity in addition to the exercise contributed to the results. The physical outcome measures may have been affected by the reduced amount of motivation and/ or understanding in some participants. It is also a limitation of the study that some of the questionnaires may have been filled out by nursing staff with limited knowledge and experience with the different instruments. Assistance was offered, but it is not certain that all involved felt comfortable to contact project leader to attain wanted information.
Strengths of the study
Strengths of the study are factors such as blinding of testers, randomization and analysis by intention to treat. The linear mixed model for repeated measurements is effective in accommodating missing data [80] . However, a complete case analysis demonstrated the same results as presented, and this indicates that the effect of missing was minimal. In each group, data from T1 or T2, or both, were missing for 15 participants. The participants with missing data were slightly older, scored higher on MMSE and lower on Cornell scale, but the differences were not statistically significant. The high attendance and low dropout rate is a strength of the study, and so is the use of simple and inexpensive equipment. In addition, by employing local physiotherapists, we have demonstrated that effect can be achieved at most nursing homes with access to basic gym equipment and physiotherapy recourses.
Conclusion
The results indicate long-time positive effects of a high intensity functional exercise program on balance. A possible effect of exercise on agitation is demonstrated after an intervention period of 12 weeks followed by a detraining period of 12 weeks. Future research should focus on exploring the effect of exercise on mental health in the population of nursing home residents with mild and moderate dementia.
The objective of the study was to describe the views and experiences of participation in a high-intensity functional exercise (HIFE) program among older people with dementia in nursing homes. The study design was a qualitative interview study with 21 participants (15 women), aged 74-96, and with a Mini-Mental State Examination score of 10-23 at study start. The HIFE-program comprises exercises performed in functional weight-bearing positions and including movements used in everyday tasks. The exercise was individually designed, supervised in small groups in the nursing homes and performed during four months. Interviews were performed directly after exercise sessions and field notes about the sessions were recorded. Qualitative content analysis was used for analyses. The analysis revealed four themes: Exercise is challenging but achievable; Exercise gives pleasure and strength; Exercise evokes body memories; and Togetherness gives comfort, joy, and encouragement. The intense and tailored exercise, adapted to each participant, was perceived as challenging but achievable, and gave pleasure and improvements in mental and bodily strength. Memories of previous physical activities aroused and participants rediscovered bodily capabilities. Importance of individualized and supervised exercise in small groups was emphasized and created feelings of encouragement, safety, and coherence. The findings from the interviews reinforces the positive meaning of intense exercise to older people with moderate to severe dementia in nursing homes. The participants were able to safely adhere to and understand the necessity of the exercise. Providers of exercise should consider the aspects valued by participants, e.g. supervision, individualization, small groups, encouragement, and that exercise involved joy and rediscovery of body competencies. PLOS 
Introduction
People living with dementia can have persistence of self [1] , 'a view of a life that is not erased by dementia' [2] , and intact feelings and interpersonal responses [3] even though dementia disorders are chronic, progressive, long-lasting and affect all aspects of life for the person and for their families. Nonetheless, dementia is the leading cause of disability in older people worldwide and the most common reason for people to move to nursing homes [4] . The increasing number of people with dementia is placing a significant burden on health care systems and on informal carers [5, 6] . Consequently, dementia has been considered a public health priority by the World Health Organization (WHO) [7] . Older people with dementia often have impaired balance and walking ability [8] , and an increased risk of falls and fractures [9] . Many of them are particularly sedentary [10] . Therefore, they would benefit from exercise and other forms of rehabilitation [11] . Exercise programs for people with dementia have, notably, shown a significant positive impact on walking performance, balance and activities in daily living (ADL) [11] [12] [13] [14] [15] [16] . It seems important that the exercise is task specific and progressed to a high intensity, i.e. challenges the individual's physical capacity [11, 17] . The High-Intensity Functional Exercise Program (HIFE) is one such intervention that has been shown to have beneficial effects for older people living in residential care, including those with dementia, on gait speed, balance, lower limb strength and a slowing of decline in ADLs [14] [15] [16] [18] [19] [20] .
The complexity of dementia symptoms can make it more difficult for older people to participate in exercise programs. Positive outcomes from exercise experiences can increase adherence and participation in exercise, which in turn improves future outcomes [21, 22] .
People with dementia can often communicate their views and preferences about what is important to them and it is morally and ethically important to consider those views [23-25].
However, little is known about experiences of participation in high intensity exercise or how positive and negative experiences can act as motivators or barriers to exercise, in older people with dementia in nursing homes. Most previous studies considering experiences of exercise in people in nursing homes have not focused solely on older people with dementia [26] [27] [28] [29] .
The aim was, therefore, to describe the views and experiences of participation in a highintensity functional exercise program among older people with dementia in nursing homes.
Methods Context
This qualitative study was undertaken within the context of a randomized controlled trial (RCT) conducted in nursing homes in northern Sweden, the Umeå Dementia and Exercise Study (the UMDEX Study), described in detail elsewhere [16] . The facilities included general and dementia units, all with private rooms and staff on hand, as well as, private apartments with access to on-site nursing and care. Inclusion criteria for participation in the RCT were: dementia diagnosis [30]; aged 65 years or over; dependent on personal assistance in one or more personal ADLs [31]; able to rise from a chair with armrests with assistance of no more than one person; Mini-Mental State Examination (MMSE) [32] score of ten or more; able to hear and understand Swedish language sufficiently well to participate in assessments; and a physician's approval. All residents who met the inclusion criteria and gave consent to participation were included. Participants were randomized to an intervention based on the HIFE program or to a control activity. The study protocol is published on the ISRCTN registry (ISRCTN31767087).
Ethics
The UMDEX study, including the present study was approved by the Regional Ethical Review Board, Umeå, Sweden (2011-205-31M).) In accordance with decision from the Ethical Review Board the participants gave oral informed consent to participate, which was affirmed by their next of kin. Before the interviews the participants got renewed verbal information that it was voluntary to participate in the interviews and that they could withdraw at any moment.
Participants
In the present qualitative study, interviews were performed with 21 participants from 10 exercise groups in the UMDEX Study. The sampling was purposive, i.e. the participants had experience of participation in the exercise program. The participants were selected from a total of 93 exercise participants in the RCT. In addition to the RCT criteria described above the exercise supervisors selected participants who they judged should have the ability to remember and verbally describe their experiences of the exercise session that they had participated in during the last hour. The sampling pursued a variety of experiences, by including men and women from different exercise groups and with a range of dementia diagnoses, ages, functional and cognitive abilities, motivation and intensity levels, and adherence to the intervention (Table 1 ). All 21 participants identified by the exercise supervisors took part in the interviews.
Table 1. Characteristics of the participants interviewed (n = 21).
Age, median (range)
86 ( 
Interviews and field notes
The interviews were carried out individually by the first author (NL) during the last five weeks of the intervention. The interviewer had training in and experience of qualitative research and in conducting interviews. The participants were interviewed directly after an exercise session and in the same room where the session was held in order to facilitate recall of the exercise. They were asked two specific questions, first to describe their experiences of participating in the exercise and later to describe their experiences of exercising in a group. After each question the interview proceeded as a conversation with follow-up questions if needed. The recorded interviews lasted between 12 and 43 minutes (median 20 minutes), and were transcribed verbatim by a person not involved in the study. The interviewer participated in the exercise session preceding each interview and made field notes based on observations in order to get current information, to increase understanding during the process of analysis, and for familiarization between interviewer and participant. Notes were made about, for example, the participant's exercises, behaviour and comments, and about group dynamics. Field notes also comprised information from exercise diaries of all participants kept by the exercise supervisors.
Analysis
The analysis was performed using qualitative content analysis, a method for analyzing communication in different steps in a systematic manner [33] and a process of interpretation that focuses on similarities and differences and results in the organisation of the data into categories and themes [34] . The unit of analysis was all interviews. To obtain a sense of the content, the interviews were read through several times by the first author, alongside listening to the interviews to obtain further information from tone of voices and pauses. The next step in the analysis was to identify and divide the interviews into meaning units, a constellation of words or statements that related to the same central meaning. The meaning units were then condensed and labelled with codes. The codes were compared, according to similarities and differences, and codes with similar content were sorted into categories. The seven categories that emerged were further interpreted and abstracted into four themes. Although the interview transcripts formed the primary data set, the field notes were analyzed separately and complemented the interviews. The information from the field notes was considered as to whether it confirmed or not the themes and interpretations. Interpretations of the field note data did not result in new categories or themes. The findings from field notes are presented for each theme with the purpose to further describe and illustrate the themes. To ensure trustworthiness, some steps of the analysis were also performed by three coauthors (BL, ER, LLO). They worked separately, read through some of the interviews, and then created codes, sorted codes and created categories. At meetings with all five authors the classification and formulation of codes, categories and themes were discussed for all interviews and changes were made until consensus was achieved. The authors each brought a different knowledge base, pre-understanding and experience to the study and data analysis. Both insider and outsider perspectives were represented. The disciplines of the researchers were Physical Therapy (NL, ER, LLO), Nursing (BL) and Exercise Physiology (DAS). Three of the authors (NL, ER and LLO) were involved in planning and testing in the UMDEX study and NL and ER were also supervisors in exercise groups. There were participants from four, of the ten, groups where the interviewer (NL) was one of two supervisors. One author (BL) brought extensive experience in the design and theory of content analysis and the other four authors had extensive experience in falls prevention, exercise interventions, motivation to exercise and working with older people with both physical and cognitive impairments.
The context of exercise intervention
The HIFE program contains 39 exercises aimed to improve lower limb strength, balance, and mobility [35, 36] . The exercises are performed in functional weight-bearing positions and including movements used in everyday tasks, for example squatting, walking over obstacles, reaching for objects while standing, and climbing stairs. The exercise is intended to be performed at high intensity, i.e. to fully challenge the individual's ability, and is progressed through increased load or difficulty. High-intensity strength exercises are performed at 8 to 12 repetition maximum (RM), thus progressed by increasing the load when the participant is able to exceed 12 repetitions in an exercise. The load is increased by, for example, stepping higher, rising from a lower chair, or by adding weights onto a belt worn around the waist. High-intensity balance exercises fully challenge postural stability, i.e. are performed at or near limits at which upright position could be maintained, and progressed by, for example, narrowing base of support, altering the surface, or performing more challenging exercises. Physical therapists (PTs) designed an individual program for each participant. Exercises were selected dependent on the degree of functional deficits, and adapted to meet levels of cognition, behavioural and psychological symptoms of dementia, and changes in health and functional status. All participants were individually supervised to encourage high-intensity exercise. Safety was ensured by using a belt, with handles, that participants wore around their waists during balance exercises and thereby the PTs could easily prevent falls. The exercise took place within the facilities, in groups of three to eight participants supervised by two PTs. The sessions lasted approximately 45 minutes, five times per fortnight for four months, with a total of 40 possible sessions per participant. Further insights into the views and experiences of the exercise supervisors delivering HIFE have been previously published [37] .
Characteristics
Baseline assessments of participants were performed by PTs and physicians ( Table 1 ). The Barthel Index was used to assess dependency in ADLs [38] . MMSE to assess cognitive function, and Berg Balance Scale to assess functional balance capacity [39] . Adherence to the exercise sessions was documented as a percentage of the total number of possible sessions (n = 40 per participant). Estimates of achieved training intensity and motivation during the sessions were noted in a structured protocol, by the exercise supervisors (PTs), for each participant after each session. Intensity in strength and balance exercises were estimated as high, medium, or low according to a pre-defined scale [35] . Motivation during the exercise sessions was estimated by the exercise supervisors, on a five graded Likert scale from no motivation to very high motivation, based on interpretations of the expressions, verbal prompts and body language of the participants. The participants' individual characteristics are shown in Table 2 .
Results
The analysis of the interviews revealed four themes: Exercise is challenging but achievable; Exercise gives pleasure and strength; Exercise evokes body memories; and Togetherness gives comfort, joy, and encouragement. Quotes related to these themes are attributed to participants (described in Table 2 ) in brackets within the text below. Dots within the quotes indicate pauses. Summaries of field notes from the observations are presented at the end of each theme. In Table 3 examples of quotes and codes, and all categories for one of the themes are shown.
Exercise is challenging but achievable
Participants described that the exercise was challenging in different ways. The necessity of exercise was expressed, alongside the effort required to maintain fitness: "While it is tough, it's useful. . ." (20) . They stated that they should be physically active and emphasized that they needed to move to keep the body working: "Probably, one should move while living. . ." (21). Some participants mentioned they were getting breathless and that the exercise was strenuous but that exercise was supposed to be that way. To be inactive was described as the worst scenario, causing the loss of both physical function and the mind: "To sit and lie and just not do anything. . . then you lose your mind. . . I want something to happen and am happy with heavy stuff, that's fine with me. . .. . . To move that's the alpha and omega . . ... to just sit and lie. . . that's nothing. Yes, you lose everything" (9) .
Other participants commented that they did not like the effort or intensity of the exercises, but still realized it was necessary. One woman said she had been too stubborn and worked too hard and others that the exercise had made them feel insecure and fearful of falling: "It feels awkward. . . you just have the urge to say NO, now we have to put it off completely. . . it is too hard" (13) . However, some did not think that the exercise was strenuous at all or felt any discomfort and also that the exercise could have been heavier. Participants seemed to adapt to the exercises during the exercise period: "Well. . . the first time, I thought NO, this I can never do. . . the second time it went well and the third time it went even better, and then it has gone on the fly" (2) .
Participants, however, mostly voiced that the exercises worked well, particularly as they had been customized for older people and for them individually. They perceived that the exercise supervisors had expertise and helped to ensure that the exercises were adapted to suit them on that particular day: "It's just that it is directed, that is what is so useful. . . .. Yeah but I feel, to get instructions to do the movements . . . that's what I want. . . that one is cared for. It is not done the same way when you are alone" (19). There were comments that the sessions were well organized, long enough, and 'calm' enough, with many rests and that it could have been risky to exercise by themselves. The participants expressed appreciation that sessions were performed at their facility, so they did not have to travel anywhere. These exercise properties and the supervisors' expertise seemed to be valued and made the exercise achievable.
The observations during the training sessions showed that although some were skeptical in the beginning of the session and the supervisors sometimes had to encourage them to participate, their eagerness most often increased during the session. As in the interviews, participants sometimes voiced that the exercise was important for their chance to have a break in their everyday routines: "I think it is important to keep going and that something is happening" (14) . They also expressed that the exercise was supposed to be strenuous: "You have to feel it, otherwise it is useless" (5) . There were comments during the exercises reflecting adaptations, such as: "It is fantastic how you can create different exercises that strain the body" (8) .
Exercise gives pleasure and strength
Participants expressed feelings of joy and pleasure about exercising, using words such as 'funny', 'nice' and 'agreeable', and phrases like "I think it is fun, and that's probably why it goes well" (16). Some participants said that they always looked forward to the exercise sessions, as they were good for body and soul. They voiced that they were getting re-started, boosted, becoming engaged and coming back to normality, that they were able to do more in their daily lives, and had become more alert and more positive.
It was often described that the exercise dealt with what they needed in "real life" and the participants perceived that the exercise improved their fitness: "Yes it has paid off. . . I think if someone would have told me before that I would stand on tiptoe and knee bend with this knee, I would never have dreamed . . . but now it just fine" (2). One man described it as if exercise was "saving the power" (9) . Participants described that the whole body system worked better: "I am feeling better. . . blood circulation moving differently. . . the heart beats in a different way. . . the blood in the veins. . . you immediately feel that it feels nice." (6) .
The observations during the sessions showed that the expressions of engagement during the sessions differed between participants. Some seemed determined and focused on their own exercise, while others seemed happy and engaged. Many of the participants said that it felt good, was nice, enjoyable, and that they needed the exercise: "This is like the health itself " (19), "This is so much fun" (8) . Some expressed that they would like to have more exercise, for example, sessions every day or longer sessions, or did not want to go back to their room when the sessions were finished.
Exercise evokes body memories
The exercise evoked memories of body movements, physical activities, and heavy jobs that the participants had previously participated in, often many years ago: "I had brothers, and they wanted me to be out jogging with them . . ." (4) . Some were also familiar with organized exercise and had been active and competing in sports or had been doing resistance training even into their later years: "I used to be in a gymnastics group. . . I do not think the difference is so great" (11) . These previous exercise habits facilitated and motivated for the current exercise: "Yes. . . because I've been physically active and that is why I . . . can keep that movement. I feel I need to do it because I was so well trained. . ." (19).
The exercise reminded the participants about what they had lost in physical capacity but there were also recognition of movements they actually could do. "Much has deteriorated . . . the balance and. . . a lot of my self-confidence might have disappeared because of that. . ...I just had to be able to come back. . . what I have lost I just have to learn again" (5) .
Some participants expressed happiness that the exercise had reminded their body how to move and they had rediscovered that they were able and could still participate in activities. They could even be proud about what they could perform when exercising: "To cope with . . . that you can handle things. . . as an old man it's pretty damn nice to be not completely decayed" (19).
The observations during sessions confirmed that several participants had always liked to be physically active and, therefore, they appreciated this exercise. The exercise gave associations to events earlier in life, for example, when a 95 year old man narrated vividly about how his teacher inspired him to be interested in sports: "He did exactly as you do. He made it pleasurable" (6) . During the exercise sessions some participants expressed amazement and pride that they could perform the exercises and that it went so well: "I think it is fantastic that we can do this!" (2) . It was also observed that although the participants said that they did not remember the movements, once a movement was initiated they performed the exercises without problems.
Togetherness gives comfort, joy and encouragement
The participants expressed positive views about being in a group for the exercise and they spoke about this being more fun than exercising alone. It also emerged that they perceived the exercise to be more effective and stimulating in a group than alone "I do not know if it gives any more, but it is perhaps more fun anyway to be with a few people when we do something. . ...It may well spur. . . so you put in more effort" (5). Loneliness could be frightening and the group offered safety: "I'm afraid of loneliness" (12) . Participants expressed that they were pleased with their group, they felt relaxed and at home, and they all got on well together especially if the group was not too large, indeed the size of the groups were considered a good size. It emerged that some were used to group activities and found it natural while others was not used to groups and felt a bit uncomfortable in the beginning: "I'm used to sitting alone. . . so I get a little surprised when I have to be with people" (3).
The importance of connecting with others in the same situation was emphasized. It gave inspiration and the participants were encouraged and their spirits raised by the others in the group: "You see and you imitate" (1) . When others in the group were performing better and had their spirits lifted one person felt crestfallen: Yes, I want to do more than they do. . . . one girl is so good so. . . I'm heartbroken that I cannot do as she. .
. (18).
The participants voiced that the other group members and the exercise supervisors provided encouragement: "Well it's a boost . . . I think it is fun to be praised. . . (20). It was verbalized that the PTs inspired trust and security in the exercises themselves and in the participants' ability to do the exercises: "I know I am safe with the one helping me. . . so I can join in and do the exercise." (12) The observations revealed that participants often lit up when they met the others in the group and that the group members interacted with each other. They seemed happy, were joking, having conversations, and showing interest in the others. There were some negative sides of meeting in a group, such as being irritated by those who had a cold or being selfcritical when comparing themselves to others: "Everybody is so good, except me" (17). Some participants spread a good atmosphere in the group and were very encouraging and confirming toward the others. Praise from the supervisors seemed to lift the participants and they became excited and encouraged and the supervisors were given reciprocal feedback from the participants.
Discussion
This study describes the views and experiences of older people with dementia in nursing homes who took part in a high-intensity functional exercise program. The depth and richness of the conversations show that older people with dementia, in these settings, are able to describe their experiences of exercise they recently participated in. The interpretations of the interviews revealed four themes of participants' descriptions of their experiences. The exercise was described as challenging, since it was of high intensity, but also that it was achievable because it was adapted to each participant's abilities. The importance to themselves of being physically active was emphasized. Further, the findings show that the participants found pleasure in the exercise program and they experienced improvements and feelings of competence. They wanted to exercise to improve physical capacity and expressed a need for improvements, since they had physical impairments. The exercise evoked memories of previous physical activities and the participants rediscovered that they had bodily capabilities. Supervised exercise and the safety that this created was appreciated. Exercising in a group was described as stimulating and spurring and creating coherence with others in the same situation. The study adds important knowledge to already known benefits of the HIFE program among older people with physical and cognitive impairments in nursing homes [14] [15] [16] [18] [19] [20] .
Although there has been increased interest in the views of people with dementia, there is still a lack of studies considering the exercise experiences of older people with moderate to severe dementia living in nursing homes. Among older people living in residential settings where not all had dementia, one study has considered the experiences of taking part in a falls prevention exercise program [40] , and another, the experiences of participation in the HIFE program [26] . In one recent study with eight residents with mild to moderate dementia, interviews were performed about their experiences of participation in the HIFE program [27] . All three studies have some findings that are similar to our study, such as perceptions that exercise gave improved physical functions and mood, as well as opportunity of stimulating meetings with other people, and the possibility to be more active [26, 27, 40] . However, in the present study where the majority had moderate dementia, the participants also expressed that intense exercise and effort was necessary to achieve the desired improvements. This is in contrast to a study about physical activity program preferences and perspectives, which suggested that older people with cognitive impairment preferred simple, light and safe exercise when they gave their views about exercise but without participating in particular programs [41] .
An important new finding in the present study was that exercising evoked body memories and participants narrated about old days and previous physical activities and capabilities. They were able to reflect about their present situation and expressed the realization that they still had capabilities they thought they had lost and also that they were able to participate and improve. Participants who had previously exercised compared it with the present exercise program and described that they had missed it and also that they needed physical activity. According to the Continuity Theory of Aging, older people strive to maintain continuity in their sense of self and their self-image, despite impaired function, by continuity of physical activity patterns, i.e. remain physically active during their life-span [29, 42] . Other studies have also found that older people with physical and cognitive impairments, as well as people with mild dementia, strive to remain physically active and thereby achieve well-being [26, 27, 43] .
Participants voiced their pleasure in meeting others and a sense of coherence of being in a group. They expressed their feelings of being seen, understood and respected by the supervisors and by the others in the group. Older people, with and without cognitive impairment, prefer individually tailored programs undertaken in a group setting [41] . The role of social interaction, such as being included in enjoyable and meaningful activities, and of feeling supported, has previously been described as important for the ability to cope with dementia [44] . Among community-dwelling older people with dementia exercising together with people in the same situation can act as a motivator [45] [46] [47] and with a supervisor as a facilitator for exercise [46, 48] . Experiences of the importance of encouragement from the supervisors and the others in the group could be interpreted within the concept of self-efficacy; according to which 'encouragement from a reliable source' is important for self-efficacy beliefs [49] . Another aspect important for self-efficacy beliefs is 'vicarious experience or role models' [49] , which in the present study can be related to participants' positive recollections of exercising in a group and being stimulated by watching others. A previous study with older adults with mild to moderate dementia, interpreted views according to Bandura´s theory of self-efficacy, and came to similar conclusions about the important role of the exercise group and the supervisors [27] . The role of interaction with others is also, within the theory of selfhood, described as one important facilitator for constructing meaning and define an individuals' social world. Selfhood is expressed through social interaction [50] , and is defined as a state of having a distinct identity and being an individual, distinct from others. Physical activity has been shown to allow people with mild dementia to remain in touch with their former selves, i.e. sustain a sense of continuity in their lives and their selfhood and to feel like healthy and physically capable persons [43] . Kontos (2005) describes a perspective of selfhood, when using the notion of embodied selfhood, 'which captures the idea that fundamental aspects of selfhood are manifested in the way the body 'moves and behaves', and that humans are embodied beings, that the body is a fundamental source of selfhood, and that people with severe cognitive impairment engage with the world through their bodies [51] . In the present study, participants voiced that exercise evoked bodily memories and it seemed like the body had its own memory, since it was observed, in field notes, that participants could perform exercises even though they said that they did not remember the movements. This finding could be reflected to Kontos' description of the body as a medium of expression, being and knowing, and further that the body has a kind of corporeal awareness that exists below the threshold of cognition [51] .
Finally, as reflected in the participants voiced enthusiasm for the exercise supervisors in this study, the importance of supervisor skills, the continuous iterative process of building on existing knowledge, sharing and reflecting, being alert to any alterations needed for individuals that day, communication and building a relationship and trust with residents have been highlighted as important attributes [37] . Instructor qualities have previously been shown to influence attendance to exercise classes [52] .
The study has some limitations. The sample was selected, in the sense that all participants had agreed to participate in the RCT study, though, not specifically to the exercise intervention. Further, it was not possible to interview those who had dropped out of the RCT. The transferability to those living with the most severe dementia is limited, since only people with an MMSE score of 10 and able to remember and verbally describe their experiences of exercise during the last hour were included in the study. Because of pragmatic reasons all participants were selected before the interviews started, i.e. the participants were not included one by one until saturation was reached. However, saturation within the responses was reached with no new information coming from final interviews. Strengths of the study were, first, that the interviews were performed in the same room where the exercise sessions were held and performed directly after the sessions, which facilitated participant's recall and for the interviewer to keep them focused. The field observations also facilitated the interview situation, created context, complimented and confirmed the discussions in the interviews, and the participants became familiar with the interviewer. For trustworthiness reasons, the supervisors, who were familiar with the participants, were asked to choose participants for the interviews who they judged had the ability to remember and verbally describe experiences of the exercise sessions. That people with cognitive levels down to MMSE scores of 10 can answer questions about their life and express their current feelings in a valid way is supported in the literature [23] [24] [25] . The interviews were performed with a range of individuals, including those who had lower motivation or a low exercise participation rate, to avoid bias. Furthermore, the authors' different gender, knowledge base, pre-understanding and disciplines was a strength in the process of analysis.
Conclusions and implications
This study reinforces the positive meaning of exercise to older people with moderate to severe dementia in nursing homes and their expressed pleasure at the opportunity to participate. Participants were able to safely adhere to and understand the necessity of high intensity exercise and progression for improved physical and mental health outcomes. Although they may not always be able to remember an exercise, once initiated they retained a body memory and could perform the exercise with encouragement. Providers of exercise should consider the aspects of delivery that older people with dementia value and appreciate, such as small group sizes, tailoring and adaptation, fun and encouragement, and the rediscovery of body competencies. Future studies should explore motivation in older people with dementia in nursing homes and factors that might affect motivation and attendance to effective exercise provision, such as instructor qualities, staff and facility barriers and family support.
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Abstract
Background: There has been increasing interest in the use of non-pharmacological interventions, such as physical exercise, to improve the well-being of nursing home residents with dementia. For reasons regarding disease symptoms, persons with dementia might find it difficult to participate in exercise programs. Therefore, it is important to find ways to successfully promote regular exercise for patients in residential care. Several quantitative studies have established the positive effects of exercise on biopsychosocial factors, such as self-efficacy in older people; however, little is known regarding the qualitative aspects of participating in an exercise program among older people with dementia. From the perspective of residents, we explored the experiences of participating in a high-intensity functional exercise program among nursing home residents with dementia. Methods: The participants were eight elderly people with mild-to-moderate dementia. We conducted semistructured interviews one week after they had finished a 10-week supervised high-intensity exercise program. We analyzed the data using an inductive content analysis.
Results: Five overreaching and interrelated themes emerged from the interviews: "Pushing the limits," "Being invested in," "Relationships facilitate exercise participation," "Exercise revives the body, increases independence and improves self-esteem" and "Physical activity is a basic human necessity-use it or lose it!" The results were interpreted in light of Bandura's self-efficacy theory. The exercise program seemed to improve self-efficacy through several mechanisms. By being involved, "being invested in" and having something expected of them, the participants gained a sense of empowerment in their everyday lives. The importance of social influences related to the exercise instructor and the exercise group was accentuated by the participants. Conclusions: The nursing home residents had, for the most part, positive experiences with regard to participating in the exercise program. The program seemed to increase their self-efficacy through several mechanisms. The instructor competence emerged as an important facilitating factor. The participants emphasized the importance of physical activity in the nursing home.
Background
Dementia is a global public health problem. Each year, 7.7 million new cases of dementia are identified worldwide [1] . Prince et al. [2] estimated that 35.6 million people suffer from dementia worldwide, with likely increases to 65.7 million by 2030 and 115.4 million by 2050. Approximately 75 % of the elderly living in nursing homes suffer from dementia [3] , which is also the case in Norway [4] .
Physical activity is globally recognized as a positive health influence across all ages [5] . Despite this awareness, nursing home residents spend up to 94 % of their time sitting or lying down, although the residents are capable of participating in independent or assisted activities [6, 7] . A growing body of literature has suggested that physical exercise has beneficial effects on the physical [8] and cognitive [9] functions in healthy older adults, as well as in individuals with cognitive impairment [10] . Additionally, several recent clinical trials [11, 12] and systematic reviews [13] [14] [15] have demonstrated that individuals with dementia can receive the beneficial effects of physical exercise. A recent meta-analysis identified 16 randomized, controlled trials of exercise interventions in 937 individuals with dementia, supporting evidence that exercise improves the ability to perform basic activities of daily living, such as eating, dressing, bathing, using the toilet, and transferring from bed to chair [16] . For older people living in residential care facilities, regular exercise can reduce activity limitations [12, [17] [18] [19] , maximize independence [12, 18, 19] , likely slow the progression of dementia [12, 20] , promote sleep [19, 21] , and enhance the quality of life and well-being [19, 22] . A recent study showed that good muscle strength and balance were the most important physical performance variables associated with good quality of life for nursing home residents with dementia [23] . The authors stated that additional studies should be conducted to examine how to improve physical functioning and quality of life in this group [23] .
In a recent literature review related to living with dementia, Murphy et al. [24] stated that until the 1990s, the perspectives of persons with dementia were largely ignored in dementia research. The perceptions of persons with dementia were difficult to assess [24] , and the inclusion of their perspectives was obstructed by prior judgments that one could not rely on the testimony of persons with dementia [25, 26] . Murphy et al. [24] suggested that carers without dementia could not credibly construct the reality of living with dementia. If the experience and meaning of living with dementia are to be understood, the inclusion of persons with dementia as participants in research studies is essential. Valuing the unique insights of a person with dementia was therefore observed as a validation of persons with dementia. Providing the person with dementia an opportunity to participate in dementia research was deemed to be essential to addressing their vulnerabilities [27] [28] [29] . In another literature review, van Baalen et al. [30] emphasized that people with mild-to-moderate dementia are able to talk with clarity and insight about their experiences concerning quality of care. A successful subjective evaluation seems to depend on a minimum level of orientation to place, attention and language skills in the person with dementia. van Baalen et al. [30] concluded that measuring the quality of care from the perspective of people with dementia is in its initial phase and that additional research is warranted. Qualitative research has played a crucial role in improving our understanding of dementia and its impact on individuals, carers, families, and the broader community [31] [32] [33] . As our population ages, the impetus for improving dementia care is increasing [34] . Qualitative research is well suited to meet this call [31, 32, 35] .
There has been an increasing interest in the use of non-pharmacological interventions to improve dementia symptoms and the well-being of residents with dementia and their carers [3] . One non-pharmacological intervention is physical exercise. Persons with dementia might find it difficult to participate in exercise programs because they depend on assistance during the exercise sessions. Therefore, it is important to successfully promote regular exercise in residential care facilities by encouraging the residents to participate in the available exercise programs and physical activity options. One recent study explored the experience regarding a highintensity functional exercise program of older people who live in residential care facilities and who are dependent on others in performing daily activities [36] . To the best of our knowledge, no previous qualitative study has explored the participation of nursing home residents with dementia in a high-intensity functional exercise program. Therefore, the aim of this qualitative study was to explore the positive and negative experiences of a high-intensity functional exercise program in nursing home residents with dementia, from the perspective of the residents.
Methods
The participants
This qualitative study followed a pilot study for a randomized controlled clinical trial (RCT) of the High-Intensity Functional Exercise (HIFE) program [18, 37] in an urban nursing home in Norway. The nursing staff at the nursing home located eligible participants and provided information regarding the study. A convenience sample of twelve elderly people with mild-to-moderate dementia participated in the pilot study. The same twelve people also agreed to participate in the subsequent qualitative study. However, only eight informants ended up being interviewed because the study reached saturation. The inclusion criteria were as follows: having mild or moderate dementia, as defined by a score of 1 or 2 using the Clinical Dementia Rating (Table 1 ). The characteristics of the informants are described in Table 1 .
The physical exercise program
The exercise program was the HIFE program developed in Umeaa, Sweden [18, 37] . Each session included five minutes of warm-up, at least two strengthening exercises for the muscle in the lower limb and two balance exercises. The total duration of each session was 50-60 min. All of the exercises, conducted in small groups, were individually adapted, instructed and supervised by a physiotherapist. The intensity of the strengthening exercises was aimed at achieving 12 repetitions maximum (RM). The balance exercises were intended to be "highly challenging," which meant that the balance exercises challenged the participants to reach their limits of postural stability both in static and dynamic tasks, such as throwing balls, stepping over obstacles and reaching for objects while standing. The difficulty of each balance exercise was increased, for example, by standing or walking on a more challenging surface. The physiotherapists maintained detailed records of all of the exercise sessions and documented the intensity of the exercises performed at each session. The participants exercised three times a week for 10 weeks. Table 1 shows information regarding how many times each patient participated in the exercise program. No patient exhibited any adverse effect during the exercises. The physiotherapists had been trained in the HIFE program. The importance of targeting high intensity and use of weighted belts was emphasized.
Measurements
To describe the functional characteristics of the participants, we conducted the following assessments at baseline and 10 weeks after baseline. The instruments were chosen because this was a pilot study for an RCT and testing was used to determine the feasibility of outcome measurements.
Balance was measured using the Berg Balance Scale. The test assessed performance using a 5-level scale from 0 (cannot perform) to 4 (normal performance) in 14 different tasks involving functional balance control, as well as transferring, turning and stepping. The total scores ranged from 0 to 56 [38] .
The Timed Up and Go was used for measuring functional mobility. The tester measured the time it took for a person to rise from a chair, walk three meters at a comfortable pace, turn and walk back to the chair and sit down. We allowed a practice trial and we recorded the results of the subsequent trial [39] .
To measure the patients' dependence/independence in the activities of daily living (ADL), we employed the Barthel Index. The scores ranged from 0 (completely dependent) to 20 (independent) [40] .
We used the Clinical Dementia Rating Scale to validate the patients' diagnosis of dementia [41-43].
The Cornell Scale for Depression in Dementia [44] was used to assess depression in the participants. Scores totaling 12 points or more indicated probable depression.
"The quality of life in late-stage dementia scale" (QUALID), a proxy-rated scale, was used to measure the quality of life. The informants were professional caregivers who knew the patient well and had spent at least three of the last seven days with the patient. Likely scores ranged from 11 to 55. A lower score indicated a higher quality of life [45] .
The participants represented different ages (age range, 69-96 years). Three participants were able to walk without walking aids. Their scores on the different outcome measurements are presented in Table 1 .
Interviews
The semi-structured, face-to-face interviews were conducted one week after the last physical exercise session to reduce recall bias. When possible, the interview took place in the participants' rooms at the nursing home. An interview guide developed for this study (Table 2) , as well as pictures of all the exercises, were used. The pictures were shown during the interviews.
The interviews lasted approximately one hour. We taped all of the interviews, and the secretarial staff transcribed the tape recordings verbatim. The data were analyzed using an inductive content analysis. The inductive approach enables researchers to identify key themes in the area of interest by reducing the material to a set of themes or categories [46] . The intention was to provide a compact yet general description of the phenomenon To ensure transparency and reliability, two researchers read the transcripts independently several times. This reading was performed with an open mind, in the interest of grasping the participants' own views on the subject. An additional analysis was performed using the following procedures: 1) The transcripts were read to gain a contextualized impression of the text and previous preconceptions were highlighted. For this part of the analysis, the hermeneutic approach was obvious because various preconceptions played a part in our understanding. 2) Units of meaning were identified and coded. Interrater agreement on the codes was high between the authors.
3) The meaning in the coded groups was then condensed. 4) The descriptions reflecting the participants' experiences were generalized into categories [47, 48] . A consensus regarding the categorization of statements and emerging themes was reached by discussion among all of the authors.
Ethics
The study was approved by the Regional Committee for Medical Ethics in Norway. Written and verbal information regarding the study were given to the patients and their relatives by their primary caregiver. The participants provided their consent to participate in the study, often together with that of their next-of-kin, and they were informed that they could refuse to participate at any stage in the study.
Results
The following five overreaching and interrelated themes emerged from the interviews: 1) Pushing the limits 2) Being invested in 3) Relationships facilitate exercise participation 4) Exercise revives the body, increases independence and improves self-esteem and 5) Physical activity is a basic human necessity-use it or lose it! (see Fig. 1 ). Selected quotations from the participants are presented to support and illustrate the five themes.
Pushing the limits
Overall, we found that all of the participants reported positive experiences with the exercises. The HIFE program contains high-intensity exercises; however, the participants did not find the exercises overly intense. They believed that the exercises were challenging but fun. They said that the feeling of exhaustion after being physically active was much better than being exhausted from lack of activity. They thought that the exercises were meaningful and relevant for everyday living. One participant emphasized the following point:
"The exercises were challenging and seemed relevant to our needs in everyday living".
Another participant described her own feelings regarding the intensity of exercise in the following manner:
"It feels good to exert yourself. Maybe I should have pushed myself even harder. We who are old may not be used to it. There is no harm in exerting oneself. Maybe it is more fun that way. It will lead to more energy and optimism".
A third participant added:
"I believe that it is healthy to exercise. It is much better to be tired after exercises than be tired after doing nothing".
All of the participants had positive attitudes toward exercise; however, some equivocal statements appeared concerning the undertaking of the exercise sessions. They thought it was important that attendance is voluntary and that no one should be pressured into participating. Several participants felt that exercising three times a week was excessive, and they made the following statements:
"No one should be forced to participate in exercise sessions. Either way, that did not happen, and it seemed everything went smoothly".
"Twice a week is sufficient. I think three times is too much".
Being invested in
Several participants emphasized that the exercises introduced a feeling of being invested in and being noticed. Additionally, the sense of having an activity to attend to and the feeling of being useful was important. The participants explained that the exercises were important for staying healthy and maintaining everyday function.
The following statements illustrate this perspective:
"I thought it was important because I experienced being seen and felt that I was being invested in".
"As an old person in a nursing home, you experience that nothing is invested in you. We were given the impression that what we did would influence our health and everyday living. It gives me somewhat satisfaction that I can still engage in activities. It does. I mean, if I am still engaged in activities, it means that I have not given up".
It seemed that the capability of conducting the exercises and completing an exercise session provided the participants with a feeling of achievement and a sense of empowerment. This feeling seems to be a particularly important element. One participant explained: "I thought that the exercises were challenging. I was somewhat proud of myself for making it. Obviously, you should be motivated and experience capability. We got the feeling: we can do this". the impression that no one is thinking about you. That cannot happen. We experience a sense of importance when we exercise".
Relationships facilitate exercise participation
The relationships both with other residents as well as the physical therapist seemed to facilitate exercise participation. Several participants noted the positive aspects of exercising together with other residents. They explained that watching and interacting with other participants were motivating and that the participants were positive role models for each other. Two participants elaborated on this point: "I experienced a positive encounter with the staff that was not characterized by detachment but rather vitality".
"It is also important that we who are older demonstrate to each other that we can do this and that we are positive role models for each other. We must make this happen! It is positive for our togetherness. We were able to see that the others exerted themselves and were motivated to do the same and sometimes we were surprised what we could do ourselves and what others could do".
The participants emphasized the therapist's ability to adjust and accommodate the exercises to the participants during the sessions. Older people are heterogeneous, and one cannot make the same demand on everybody. Knowledge about elderly people was noted to be an important factor. The therapist must possess this knowledge, be observant, and be able to make adjustments to the exercise program while instructing. The participants made the following comments:
"Knowledge about the aging body is central. One should know what to do with each individual and make sure that they practice things they find difficult. The person who is instructing must pay close attention and observe how the person is doing, examine if he/she is struggling or grumbling a lot. In that case, they should not push them. That is unnecessary".
The communication between the therapist and participant also seemed important to the residents. A therapist with extended knowledge about elderly people created feelings of security and trust. The participants emphasized that it was nice to be met with positive expectations. The information that the therapist gave about the exercises was also appreciated. They thought it was important to learn about the purpose of the exercise. The therapist should be understanding and able to communicate with older people. The participants stated the following:
"She seems secure, accepting and knowledgeable. It was nice to be met with positive expectations. Her positive expectations were appropriate without overwhelming us". "Yes, she knew a lot. That is important. She gained our trust. She taught us about muscles and other things that we use when we engage. It was very encouraging". "Human knowledge is important, and our instructor was good at communicating with other people".
Exercise revives the body, increases independence and improves self-esteem
The residents experienced a positive change after exercising. Several participants noted that exercising improved their mood and boosted their self-esteem. They felt that their body became more alive and vital, their energy level increased and they were more content. The following two quotes illustrate this perception:
"I felt more like a normal person. I was happier. I had more energy to engage in conversations and I also became more positive towards other people". "I feel energized by the exercises, I am no longer sitting lethargically in a chair. I was proud of myself after the exercises. The body was more present, and that is a good feeling".
Several residents noted that they felt that their independence improved, and they felt less dependent on the nurses after exercising. This feeling positively influenced their self-esteem. One resident elaborated in the following manner:
"To be able to do as much as possible independently is positive for the self-esteem, at least to me. I think it is important to exercise at the nursing home to maintain independence. Most elderly would like to be able to take care of themselves as long as possible".
Exercising had a positive effect on motor function and ADL performance. The participants reported that it was easier to rise from a chair, to walk and to climb the stairs after engaging in exercise. One participant had the following experiences:
"You notice that the exercise has positive effects on both body and mind. It is easier to get up from the chair, it is easier to walk, and you can manage more in everyday life. The stair-climbing exercises got easier".
Exercise increased the feelings of security and self-esteem and improved self-efficacy, as one individual commented as follows:
"It is important to have confidence that you are not going to fall when you do different things. I know that even if I risk taking a fall, I cannot stay seated. It is good to talk about your fears".
5.
Physical activity is a basic human necessity-use it or lose it! Several residents expressed a desire to be active. They appreciated that the possibilities for activities were more limited because of their functional limitations and nursing home routines. Despite these restrictions, they recognized the importance of being as active as possible. One participant explained the situation as follows:
"… but I want to be as active as I can, and therefore it is important that the nursing home staff encourage activity and exercise".
One resident said that she was aware that her body had deteriorated and that she was not satisfied with the shape she was in. She noticed that her body moved more slowly and that her energy, strength and endurance levels were reduced. She commented as follows: "Bodily strength gives you an experience of living and not wasting away.... Even living in a nursing home, it is unnecessary to deteriorate to the extent we often see".
This resident did not appreciate the fact that she was becoming increasingly less active and more dependent on others during her stay in the nursing home. Several residents have commented that it was important to be able to move around independently and not rely on others. The ability to walk around provides the resident with the perception of having freedom and more options. One resident remarked as follows:
"Being physically active affects all of me. I gain confidence in myself. I experience increased control over my life even though I live in a nursing home".
Another resident noted that it was especially important to be able to get outside for fresh air. She felt like a prisoner if she could not get outside. She expressed herself in the following manner:
"My problem is that I am mad about being outside in the fresh air. When they talk about having to ask for permission to go outside… I feel like a Belsen prisoner".
The residents expressed a need for energy and strength to be able to move around. If you do not move, your energy levels and muscle strength decrease and this process will start a vicious cycle. The residents communicated that it was important to use the body to maintain function and strength: use it or lose it. One resident noted the following:
"An important part of being an individual is to be able to take charge of your life and not live at the mercy of others. To do this, you need energy. I need energy to think and to move. I need strength to stand and walk. Muscle strength is important for us who are old".
Several residents thought that the staff should focus more on active participation and that they should recognize the functional ability of each individual. The importance of exercise in nursing homes must be recognized and the staff need to be good role models. Several residents argued the following point:
"Too often the staff are not concerned with how much we can do for ourselves. We can do more than they think, if it is facilitated".
"There ought to be more exercise in nursing homes. There is no tradition for physical activity in the nursing home. I think they may be worried that the old persons will take a fall or experience excessive demands".
Discussion
This study provides insight into how older people with dementia experience participating in an exercise program. To date, few studies have reported on the experiences of people with dementia with regard to exercise; to the best of our knowledge, nursing home residents with dementia have never before been asked to relate their experiences of participating in a high-intensity exercise program. We will discuss the results within the framework of self-efficacy. It was unambiguous in the findings that self-efficacy was an important topic. Self-efficacy is the subjective assessment of one's own capability to master certain tasks and situations, a sense of personal control or empowerment [49] . Central to the theory are the following four sources of information, which people draw on when they develop their self-efficacy beliefs: 1) enacted mastery experiences;
2) vicarious experiences; 3) verbal persuasion; and 4) physiological and affective states. Self-efficacy has frequently been used as a framework for understanding how older people experience exercise interventions [49, 50] . Thus, the discussion is presented under the following headings: "increased self-efficacy through exercise" and "increased self-efficacy through involvement".
Increased self-efficacy through exercise
One of the positive experiences reported by the participants was the feeling of achievement that is derived from performing the exercises. This corresponds with the enacted mastery experiences, which, according to Bandura [49] , is the most powerful source of selfefficacy. Participating in the exercise program seemed to introduce experiences of mastery, which could have had a positive effect on the participants' self-efficacy and self-esteem. The experience of exercising gave the participants a sense of doing something good for themselves, which in turn seemed to produce a change in emotional states. They reported feeling more "confident," "proud of themselves" and "more positive". According to Bandura [49], self-efficacy can have a profound effect on emotional states. Exercise can also lead to improved emotional states directly through the physiological process in the body, such as increased secretion of endorphins that improves mood [50] . Improved mood was reported by the majority of the participants.
An additional aspect that many of the participants proposed was the relevance of the exercise program to everyday life and the experience of improvement in physical functioning. The HIFE program is specifically designed for improving function. Previous studies have confirmed that this exercise program can improve physical function, such as balance and strength, and can likely improve well-being [18, [51] [52] [53] . Several studies have shown that older people may have low self-efficacy beliefs regarding their own capacity to exercise [49, 54, 55] . Improved physical function due to exercise and the experience of relevance to everyday function can cause a sense of mastery and increase self-efficacy [49] . The participants talked about the importance of 'being able.' In addition to improved physical function, such as stair walking and getting up from a chair, the participants reported several other bodily experiences related to participating in the exercise program. They reported that they felt more "vital," had "increased energy," felt "stronger" and had a better sense of "self-esteem". According to Bandura [49], people rely on somatic information transmitted by physiological and emotional states when altering their self-efficacy. These states represent an important source of self-efficacy, especially in regard to physical capabilities.
Another positive aspect proposed by the participants was the group aspect of the exercise sessions. They enjoyed being with others in the same situation and used each other as role models, benefitting from seeing each other's accomplishments. Bandura [49] emphasized vicarious experiences and modeling as sources of increased self-efficacy. People automatically compare themselves to others, and seeing others achieve something can increase their self-efficacy beliefs about their own capabilities. This perspective resonates well with the experiences of the participants who reported that they felt motivated by the achievements of the other participants in the group. The positive social aspects of group exercise interventions have been widely studied, and many people seem to prefer exercising in groups as opposed to exercising individually. The group experience may also serve as a motivator for exercise adherence [54, 56] .
An important finding of this study is the perceived importance of certain instructor skills. The participants emphasized positive communication skills and knowledge concerning the aging body as positive instructor traits that created a sense of trust and safety. Verbal persuasion and the positive social support that one is capable of performing certain activities represent an important source of increased self-efficacy [49] . Furthermore, to be effectively influential, the persuader needs to exert credibility and establish trust [49] . Thus, knowledgeability and trustworthiness seem to be important instructor skills, which could have contributed to increasing self-efficacy for exercise and physical activity among the participants.
Moreover, the participants emphasized the importance of skills in individually tailoring the exercise program. Two central points emerge from the results. The exercises should be safe, meaning one should avoid pushing the participants too hard; however, at the same time, the exercises should be effective, meaning the exercises should be aimed high enough to give the participants a feeling of "being challenged" and having exercised. The exercise program HIFE is designed for continuous supervision of a person skilled in assessing and prescribing exercise for older people [18] . It can be argued that people with dementia, due to typical manifestations, such as memory loss, might have a greater need for supervised exercise than healthier elderly adults who might be able to perform exercises on their own with the appropriate dosage. Several studies have demonstrated that people with dementia are more prone to feelings of insecurity, thus establishing a safe and secure setting for the exercises might therefore be of particular importance [57, 58] . The issue of applying the proper dosage of exercise also has a parallel in the self-efficacy theory. According to Bandura [49], the difficulty of task is a factor in determining selfefficacy. If the task is deemed too difficult or if it is too easy, there will be no mastery experiences. The findings, therefore, suggested that the exercise instructor has an important role to play in moderating the appropriate dosage of exercises, thus serving the role as a facilitator of mastery experiences. This role seems to require skills in communicating with people with dementia as well as experience in prescribing exercise for older adults. Hence, the competence of the instructor seems to play a vital part in the experiences of participating in the exercise program and can be perceived as a facilitating factor. This perspective is consistent with a previous study on facilitators for promoting exercise attendance in older adults [56] and earlier research emphasizing professional competence as an important aspect of dementia care [59, 60] .
Increased self-efficacy through involvement
The participants in this study expressed an appreciation of being "invested in" and being informed about the reasoning behind the exercises. The participants stated that the exercise program represented something positive in an otherwise undemanding environment. They stated that being included, being met with expectations, and being informed seemed to create vitality, a sense of mastery and increased self-efficacy: "we can do more than they think, if it is facilitated". When the participants spoke about participating in the exercise program, they related how they experienced life in the nursing home. The participants expressed a need to be physically active and stimulated, be actively involved in their own lives and receive attention. Central to the theory of selfefficacy is the importance of a sense of personal control over one's own life. The inability to exert an influence over life's events can create apprehension and apathy [49] . Research has shown that people with dementia can indeed express their preferences consistently, even in the advanced stages of dementia [26, 30, 61] , and they should therefore be involved in decision-making regarding their lives and activities in the nursing home. The participants complained that there was too little physical activity within the nursing home environment. This factor was supported by previous studies showing that nursing home residents are physically inactive most of the day [6, 7] . Furthermore, the decline in functional health status is often mistakenly attributed to the natural biological aging process when, in fact, it is due to physical inactivity [49, 62] . We interpret this undemanding environment as being a barrier to physical activity and exercise. In light of the self-efficacy theory, such institutional constraints can negatively influence self-efficacy beliefs and well-being [49] . The participants perceived the exercise program as a positive counteraction to the physically inactive life in the nursing home, which could have contributed to an increased self-efficacy.
One factor that can stand in the way of involving people with dementia is their increasing cognitive impairment and frailty [61] . However, our results demonstrated that this factor must not lead to automatic assumptions that people with dementia cannot process or do not appreciate information and inclusion in decision-making. McCormack [63] found that for older people, actual decision-making was not as important as being informed and having their values and preferences heard and considered. Our findings showed that the participants were able to perceive the qualifications of the exercise instructor and feel more secure if things were explained to them. Appreciating a competent instructor and learning the purpose and benefits of the exercises can be interpreted as a wish of being included and taken seriously. Environmental and social factors that offer little support of expression of independence can also contribute to dependent behavior and loss of selfefficacy in the elderly [49] . It is important to recognize that even if persons with dementia are dependent on the nursing staff for help, this dependence does not necessarily lead to loss of self-efficacy. Although the ability to make decisions will vary according to the particular stage of the dementia disease and other personal and contextual factors, such patient involvement is suggested to increase autonomy and empowerment [64] [65] [66] .
Our findings have suggested that nursing home residents generally appreciate participating in exercise programs and that this engagement has important implications for the provision of quality care and user involvement in dementia care. The findings of this study are consistent with the outcomes in many studies providing evidence of the positive effects of physical exercise on the physical, psychological and social aspects of life for older adults with dementia [9, 13, 14, 16] . The exercise program seemed to have an effect on all four sources of self-efficacy. By being involved, "invested in" and having something expected of them, the participants were able to gain a sense of power over their everyday lives and participating in group exercises represented one way of giving meaning and purpose to their lives.
Strengths and limitations
A strength of this study is the exploration of the experiences of people with dementia from the perspective of persons with dementia. The majority of studies explored dementia experiences from the point of view of a family member or carer [24, 30] . Interviewing people with mildto-moderate dementia required that the interviewer have some aids and possess certain skills. We regard the use of visual aids in the form of pictures of the exercise tasks as a positive contribution to the quality of the interviews. Our findings suggested that cognitive impairment is no reason to exclude people with dementia from research.
This study has several limitations. First, although thematic saturation was achieved with a sample size of eight participants, this small sample may not reflect the views of the larger nursing home community. Second, this study was conducted in an urban nursing home setting with Norwegian speaking residents and may not be generalizable to other settings or populations. Furthermore, in qualitative studies, the role of the researchers as producers of knowledge is important. We realize that our preconceptions of exercise and physical activity constitute an important part in the lives of elderly people with dementia in nursing homes and have influenced our interpretations.
Conclusions
Our findings suggest that the HIFE program may lead to positive physical, emotional and social changes, including greater behavioral coherence, improved social interactions and increased well-being. Physical activity and exercise are rarely prioritized in nursing homes; however, the results of this study showed that the participants had, for the most part, positive experiences with participating in a regular group exercise program that has improved their selfefficacy. A competent instructor with knowledge of the aging body and ability to inform the participants was identified as a facilitator. Being involved and having something expected of them were important positive experiences reported by the participants. An unstimulating nursing home environment may be considered as a barrier.
This outcome is an important finding with clinical implications regarding the care of older people with dementia in nursing homes. Our findings are optimistic relative to the capacities of people with dementia. Healthcare professionals should be aware of the positive aspects of exercise and physical activity among nursing home residents with dementia.
